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NOMENCLATURE 


Preparations are listed under the names which are used com- 
monly for the compounds. For the convenience of those who 
wish to make a complete survey of the literature on any prepara- 
tion, the Chemical AbstracLs indexing name for each compound 
is given as a subtitle when that name differs from the title of the 
preparation. 


NOTICE TO SUBMITTERS OF PREPARATIONS 

Organic Syjitheses invites the submission of preparations of 
compounds which are of general interest or which illustrate useful 
synthetic methods. Preparations are welcomed particularly 
from those who have had occasion to work out the optimum con- 
ditions of preparation. The directions should be written in the 
style employed in the latest volume of Organic Syntheses. A 
copy of the current style sheet will be sent to those who request 
it. Full details for all steps in the procedures should be included, 
and the range of yields should be reported rather than the maxi- 
mum yield obtainable. Wherever possible the melting point, 
the boiling range at various pressures, and the refractive index 
of each product should be given. The method of preparation or 
source of compounds used should be recorded as well as criteria 
of purity. Two copies of the directions should be sent to the 
Secretary. Additions, corrections, and improvements to previ- 
ously published preparations are likewise welcomed. 



p-ALANINE 


2 NH 2 CH 2 CH 2 CN + Ba(0H)2 + 2 II 2 O ^ 

(NH2CH2CH2COO)2Ba + 2 NH 3 

(NH 2 CH 2 CH 2 COO) 2 Ba + CO 2 + Pl 20 ^ 

2 NH 2 CH 2 CH 2 COOH + BaCOa 

Submitted by Jared H. Ford. 

Checked by Homer Adkins and James M. Caffrey. 


1. Procedure 

In a 2-1. three-necked flask equipped with a mechanical stirrer, 
a thermometer, and a dropping funnel is placed 185 g. (0.55 mole) 
of technical barium hydroxide octahydrate. The flask is heated 
on a steam bath in a hood. When the barium hydroxide has dis- 
solved in its water of crystallization, the stirrer is started and 
70.1 g. (1.00 mole) of /5-aminopropionitrile (p. 3) is added drop- 
wise over a period of 40 minutes. The temperature is maintained 
at 90-95° during the addition and for 40 minutes thereafter. 
Forty grams of asbestos filter aid (Note 1) and 1 1. of hot water 
are added, and the mixture is saturated with carbon dioxide 
(Note 2) while the temperature is held at 85-90°. The mixture 
is filtered with suction, the precipitate is returned to the flask 
with 500 ml. of hot water, and the mixture is heated and stirred 
for 20 minutes. After the barium carbonate has been filtered 
the washing procedure is again repeated with a second 500 ml. 
of hot water. The combined filtrates and washings are concen- 
trated under reduced pressure on the steam bath (Note 3) until 
solid material separates. To the residue are added 200 ml. of 
hot water and 0.5 g. of decolorizing carbon (Note 4). The result- 
ing solution is warmed on the steam bath for a few minutes and 
then filtered into a weighed 500-ml. Erlenmeyer flask. The flask 

I 
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is heated on a steam bath, and a jet of clean compressed air is 
directed at the surface of the solution. When the total weight 
of the solution is 130 g., it is cooled to 15-20° and diluted slowly 
with 400 ml. of methanol. After the solution has stood for several 
hours in the refrigerator, the product is filtered with suction and 
washed with two 100-ml. portions of methanol. The yield of 
j8-alanine melting at 197-198° (dec.) is 75-80 g. (85-90%). 

2. Notes 

1. Standard Super-Cel (Johns-Manville, Inc.) was used. 

2. Either carbon dioxide gas or Dry Ice may be used, and 
the saturation may be completed in 15-20 minutes by either 
method. The pH of the saturated solution is about 8-9 when 
tested with a universal indicator paper, such as Alkacid or 
Hydrion. 

3. The submitter used a special apparatus suitable for the 
rapid evaporation of water under reduced pressure. The checkers 
used standard flasks. 

4. The solution is nearly colorless at this point, but the car- 
bon aids in the removal of finely divided insoluble material. 

3. Methods of Preparation 

/3-Alanine has been prepared by the catalytic reduction of 
cyanoacetic esters ^ or salts; ^ by heating acrylonitrile,^ i^-amino- 
propionitrile,^ i^V(/3-cyanoethyl)-amine,^)5-hydroxypropionitrile,® 
i3-alkoxypropionitriles,^ bis-i^-cyanoeihyl) ether,® or bis-{l3-cya,nQ- 
ethyl) sulfide ® with aqueous ammonia at 150-225°; by the hy- 
drolysis of i3-aminopropionitrile with concentrated hydrochloric 
acid and subsequent removal of the acid with anion exchange 
resins.® The method as described above has been published.^® 
Additional references to methods of preparation are given in con- 
nection with a procedure for the making of /3-alanine from suc- 
cinimide through the action of potassium hypobromite.“ 

1 Schaaf and Pickel, U. S. pat. 2,365,295 [C. A., 39, 4626 (1945)]. 

* Ruggli and Businger, U. S. pat. 2,367,436 [C. A., 39, 3012 (1945)]. 
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» Carlson and Hotchkiss, U. S. pat. 2,335,997 [C. A., 38, 2972 (1944)]. 
« Carlson, U. S. pat. 2,336,067 [C. A., 38, 2971 (1944)]. 

« Kirk, U. S. pat. 2,334,163 [C. A., 38, 2667 (1944)]. 

8 Kirk and Paden, U. S. pat. 2,364,.S38 [C. d., 39, 3556 (1945)]. 

’ Paden and Kirk, U. S. pat. 2,335,605 [C. A., 38, 2970 (1944)]. 

8 Dean, U. S. pat. 2,335,653 [C. A., 38, 2970 (1944)]. 

® Buc, Ford, and Wise, J. Am. Chem. Sor., (>7, 92 (1945). 

Ford, J. Am. Chem. Soc., 67, 876 (1945). 

Org. Syntheses Coll. Vol. 2, 20 (1943). 


P-AMINOPROPIONITRILE and &zs-(p-CYANOETHYL)- 

AMINE 

(Propionitrile, p-amino-, and propionitrile, p,p'-iininodi-) 

NHa + Cll 2 =CH— CN NH 2 CH 2 CH 2 CN 

NH 2 CH 2 CH 2 CN + CH 2 =Cn—CN NH(CH2CH2CN)2 

Submitted by S.aul R. Buc. 

Checked by Homkr Adkins and James M. Caffrey. 


1. Procedure 

Acrylonitrile is a poisonous compoimd. All steps in the pro- 
cedure up to the distillatioyi of the products should he carried out in 
a hood. 

The reactions are carried out in 1-1. heavy-walled bottles pro- 
vided with rubber stoppers which must be wired securely in place 
(Note 1). In each of four bottles are placed 400 ml. of concen- 
trated ammonium hydroxide (28-30% ammonia) and 100 ml. 
(80 g., 1.5 moles) of cold acrylonitrile (Note 2). The rubber 
stoppers are immediately wired in place (Note 3). Each bottle 
is then shaken intermittently until after about 5 minutes the 
reaction mixture becomes homogeneous. Thereupon, the bottle, 
wrapped in a towel, is immediately set away under a hood 
(Note 4). 

The reaction mixtures are allowed to stand a few hours or 
overnight and then are transferred to a 3-1. flask. The water 
and ammonia are distilled under reduced pressure as rapidly as 
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possible until the boiling point is about SOV 2 O mm. (Note 5). 
The higher-boiling products (395 g.) are then transferred to a 
1-1, Claisen flask and fractionated under reduced pressure. 

The crude primary amine (138-149 g.) is distilled over the 
range 75-110V21 rnm. (Note 6), and the crude secondary amine 
(213-226 g.) in the range 130-150V1 nini. The primary amine, 
b.p. 79-81 Vlb mm. or 87-89V20 mm. (w^ 1.3496), after refrac- 
tionation, is obtained in a yield of 130-140 g. (31-33%) (Note 7). 
The secondary amine, b.p. 134-135%! mm. 1.4640), is ob- 
tained in a yield of about 210 g. (57%). 

2. Notes 

1. The 1-1. centrifuge bottles (Corning No. 1280) carrying 
No. 6 rubber stoppers, as used for catalytic hydrogenation, are 
suitable for carrying out reactions under pressures up to at least 
3 atmospheres. The submitter used a heavy, selected 2-1. round- 
bottomed flask instead of the four bottles specified in the pro- 
cedure above. 

2. The acrylonitrile should be free of polymer. If there is 
uncertainty as to its quality, the acrylonitrile should be redis- 
tilled. 

3. The temperature of the mixture does not rise during the 
period of solution of the acrylonitrile in the ammonium hydroxide. 
However, almost immediately thereafter the temperature of the 
solution begins to rise slowly, reaching a value of about 65° after 
an interval of perhaps 10 minutes. There is no significant rise 
in pressure within the bottle until the temperature of the reaction 
mixture begins to rise. The maximum pressure reached is appar- 
ently less than 2 atm. 

4. The checkers placed the wrapped bottles within a 10-gal. 
crock located under a hood. There is no danger that the bottles 
will be broken by the pressure developed. However, if a stopper 
is not firmly held, it may be pushed out, in which event a por- 
tion of the reaction mixture will foam out of the bottle. 

5. The submitter used a special apparatus suitable for the 
rapid evaporation of water under reduced pressure. The checkers 
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used standard flasks. Better yields result from the rapid removal 
of water. 

6. It is not necessary to purify the crude primary amine by 
redistillation if it is to be used immediately for the preparation of 
jg-alanine. However, the moist nitrile is not stable in storage, 
pressure being developed in a container stored at room tempera- 
ture. 

7. Yields of 60-80% of the primary amine ^ have been ob- 
tained by introducing the acrylonitrile below the surface of the 
aqueous ammonia preheated to 110° in a steel reactor suitable 
for pressure reactions. 

3. Methods of Preparation 

iS-Aminopropionitrile and 6ij-08-cyanoethyl) -amine have been 
made by the addition of anhydrous or aqueous^ ammonia to 
acrylonitrile. 


' Ford, Buc, and Greiner, J. Am. Chem. Soc.y 69, 844 (1947). 

2 Hoffmann and Jacobi, U. S. pat. 1,992,615 [C. A., 29, 2548 (1935). 

* Whitmore, Mosher, Adams, Taylor, Chapin, Weisel, and Yanko, /. Am. Chem, 
Soc., 60, 725 (1944). 

^ Buc, Ford, and Wise, 7. Am. Chem. Soc., 67, 92 (1945). 


BENZALACETONE DIBROMIDE 
(2-Butanone, 3,4-(iibromo-4-phenyl-) 

C6H5CH=CHC0CH3 + Br 2 -> CeHsCHBrCHBrCOCHs 

Submitted by Norman H. Cromwell and Richard Benson. 
Checked by R. L. Shriner and William 0. Foye. 


1. Procedure 

In a 1-1. three-necked round-bottomed flask fitted with an effi- 
cient mechanical stirrer, a thermometer, and a 125-ml. dropping 
funnel are placed 100 g. (0.68 mole) of pure, redistilled benzal- 
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acetone * and 300 ml. of carbon tetrachloride. The reaction flask 
is immersed in an ice-water bath to mam tain the reaction mixture 
between 10° and 20°. With stirring, a cooled solution of 109.5 g. 
(34.2 ml., 0.68 mole) of bromine in 60 ml. of carbon tetrachloride 
is run through the dropping funnel as rapidly as the color is 
destroyed (Note 1). During this addition the reaction flask 
should be shielded from direct sunlight (Note 2). 

After all the bromine has been added, stirring is continued 
for 4 to 5 minutes longer and the dibromide is collected by filtra- 
tion on an 11-cm. Buchner funnel, using suction. The product 
is washed with 100 ml. of warm 75% ethanol (Note 3). The 
crude product is purified by dissolving in the minimum amount 
of boiling methanol (800-1000 ml.) and cooling the solution in an 
ice bath for 4 hours. The product is collected by filtration and 
dried in a vacuum desiccator in the absence of light for 24 hours. 
The yield amounts to 1 10-1 20 g. (52-57%) of white needles which 
melt at 124-125° (Note 4). 


2. Notes 

1. Until a considerable amount of the dibromide has precipi- 
tated the bromine solution may be run into the reaction mixture 
as fast as the color is discharged, within the temperature limits 
of 10-20°. As the mixture becomes thick with the precipitated 
bromide it is necessary to reduce the speed of the addition of the 
bromine solution considerably. 

2. Strong sunlight seems to favor the substitution of the avail- 
able a-hydrogen as evidenced by the strong evolution of hydrogen 
bromide. 

3. If the crude product is dried it is found to melt at 114-117° 
and to weigh 138-144 g. This is probably a mixture of the two 
racemic forms. 

4. Evaporation and subsequent cooling of the filtrate give a 
second crop of white crystals, about 15 g., melting at 112-115°. 
This may be the lower-melting racemate. 
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3. Methods of Preparation 

Benzalacetone dibromide has been prepared by the addition 
of bromine to a solution of benzalacetone in chloroform, ^ in carbon 
disulfide,® and in carbon tetrachloride.'* 

1 Org. Syntheses Coll. Vol. 1, 77 (1941). 

^ Claisen and Claparede, Ber.y 14, 2463 (1881). 

* Watson, J. Chem. Soc.^ 85, 464 (1904). 

^ Cromwell, J. Am. Chem. Soc.^ 62, 3471 (1940). 


BIALLYL 

(1,6-Hexadiene) 

2CH2=CHCH2C1 + Mg 

CH2=CH(CH2)2CH==CH2 + MgCl2 

Submitted by Amos Turk and Henry Chanan. 

Checked by Arthur C. Cope and Frank S. Fawcett. 


1. Procedure 

In a 5-1. three-necked flask fitted with a mercury-sealed stirrer 
(Note 1), dropping funnel, and an efficient reflux condenser pro- 
tected by a calcium chloride drying tube is placed 82 g. (3.5 gram 
atoms) of magnesium turnings. A solution of 459 g. (6 moles) of 
dry, freshly distilled allyl chloride in 2.4 1. of anhydrous ether is 
added to the flask through the dropping funnel in the following 
manner: A 100- to 200-ml. portion of the solution and a small 
crystal of iodine are added, and the mixture is warmed, if neces- 
sary, until the reaction starts. The remainder of the solution is 
added with stirring and cooling in an ice bath as rapidly as pos- 
sible without loss of material through the condenser (Note 2). 
By sponging the upper part of the flask with ice water from the 
cooling bath, the addition can be completed in 1-1.5 hours. 
When the addition is complete, the thick slurry is allowed to 
stand at room temperature for 5 hours with stirring for as much 
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of that period as is practicable (Note 1). The flask is again 
cooled in an ice bath, and a cold 5% solution of hydrochloric 
acid is added through the dropping funnel until the evolution of 
heat has practically ceased (Note 2) and the magnesium chloride 
is in solution. The mechanical stirrer is started again when the 
mixture becomes sufficiently fluid (Note 1). 

The contents of the flask are transferred to a separatory 
funnel; the ether layer is separated and distilled without washing 
or drying through a small packed column (Note 3) until the 
distillation temperature begins to rise (38-40°). The residue is 
transferred to a separatory funnel, washed with two 500-ml. 
portions of water, dried over 10 g. of calcium chloride, and frac- 
tionated through the small packed column. After distillation of 
ether and some allyl chloride (b.p. 45°) biallyl is collected as a 
colorless liquid in a yield of 135-160 g. (55-65%), b.p. 59-60°/760 

mm.;»D 1.4040; Md 1-4012. 


2. Notes 

1. Efficient stirring is essential during the early part of the 
reaction. The submitters used a double-loop-type Hershberg 
wire (Nichrome, Chromel, or tantalum) stirrer * and a motor * 
powerful enough to stir the mixture during the entire prepara- 
tion. The checkers used the simpler Hershberg wire (No. 16 B 
and S gauge Chromel or stainless steel) stirrer * and an ordinary 
good laboratory motor. Although the slurry became so thick 
that it could not be stirred with this equipment, the yield of pure 
biallyl obtained equaled that reported by the submitters. 

2. Care must be taken to avoid loss of material (and reduc- 
tion in yield) through evaporation of allyl chloride or biallyl, 
both of which are very volatile. 

3. A simple total-condensation, partial take-off column with 
a 2.2 by 25 cm. section packed with K 2 -in. single-turn glass 
helices was used with a reflux ratio of 7 or 8 to 1, 



a-BROMOBENZALACETONE 


9 


3. Methods of Preparation 

This procedure is a modification of one described by Cortese.** 
Allyl chloride is employed rather than allyl bromide because of 
its low cost. Biallyl has been prepared by the action of sodium ® 
or aluminum ® on allyl iodide; from allyl mercuric iodide by dry 
distillation ^ or by the action of potassium cyanide solution;* and 
by the action of magnesium on allyl bromide,^’® on allyl chlo- 
ride/*^® on allyl iodide/^ or on 1,2,3-tribromopropane.^^ 

1 Org. Syntheses Coll. Vol. 2, 117 (1943). 

2 Hershberg, Ind. Eng. Chem.^ Anal. Ed.y 12, 293 (1940). 

^ Hershberg, Ind. Eng. Chem.y Anal. Ed.y 8, 313 (1936). 

^ Cortese, J. Am. Chem. Soc.y 51, 2266 (1929). 

® Berthelot and Luca, Ann. chim. phys.y (3), 48, 294 (1856). 

6 Domanitzkii, /. Russ. Phys.-Chem. Soc.y 46, 1078 (1914) [C. A.y 9, 1899 (1915)]. 

^ Linnemann, Ann., 140, 180 (1866). 

® Oppenheim, Ber.y 4, 670 (1871). 

®Lespieau, Ann. chim. phys.y (8), 27, 149 (1912); Gilman and McGlumphy, 
Bull. soc. chim.y 43, 1322 (1928). 

^®Henne, Chanan, and Turk, J. Am. Chem. Soc.y 63, 3474 (1941). 

Mcisenheimer and Casper, Ber.y 54, 1655 (1921). 

12 Krestinskii, J. Russ. Phys.-Chem. Soc.y 58, 1078 (1926) [C. A.y 22, 1324 (1928)]. 


a-BROMOBENZALACETONE 
(3-Buten-2-one, 3-bromo-4-phenyl-) 

CoHsCHBrCHBrCOCHa + CH3C02Na -> 

C6H5CH=CBrCOCH3 + CH3CO2H + NaBr 

Submitted by Norman H. Cromwicll, Donald J. Cram, 
and Chas. E. Harris. 

Checked by R. L. Shriner and William O. Foye. 

1. Procedure 

Precautions must be taken to avoid contact with a-bromohenzalace- 
tone since it is a skin irritant {Note 1), 

In a 500-ml. round-bottomed flask fitted with a reflux con- 
denser are placed 100 g. (0.33 mole) of benzalacetone dibromide 
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(p. 5), 30 g. (0.37 mole) of anhydrous sodium acetate, and 
250 ml. of 95% ethanol, and the mixture is refluxed vigorously 
for 4 hours in the absence of direct sunlight. The precipitate 
of sodium bromide is removed by filtration, and the alcohol is 
removed from the filtrate by distillation under reduced pressure 
(Note 2). The residual salt-oil mixture is extracted with two 
50-ml. portions of ether, and the ether solution is transferred to 
a 250-mL separatory funnel (Caution! Note 1). 

The ether solution is washed thoroughly six times with 25-ml. 
portions of saturated sodium chloride solution and twice with 
25-ml. portions of 5% sodium bicarbonate solution (Note 3). 
The ether layer is allowed to dry over anhydrous sodium sulfate 
at room temperature for 24 hours. The ether is removed by dis- 
tillation, and the residual oil is distilled from a Claisen flask 
under reduced pressure, using an oil bath. A yield of 47-54 g. 
(64-73%) of a pale yellow oil, boiling at 114-117°/! i^^n* (Note 
4), is obtained. On cooling, the oil crystallizes; m.p. 30-31°. The 
product is stored in a dark bottle in the ice chest (Notes 5 and 6). 

2. Notes 

1. a-Bromobenzalacetone or its solutions cause the formation 
of red spots on the skin. After several days these form large red 
blisters that are painful and take several days to heal. The af- 
fected parts should be treated with a mixture of peanut-oil and 
glycerol containing a little ammonia. 

2. The reduced pressure produced by a water pump is satis- 
factory. The flask is warmed with a hot water bath (40-50°). 

3. It is necessary that the product be entirely free from acetic 
acid before it is distilled in order to obtain the yields stated. 

4. Boiling points at other pressures are: 136-138°/4 mm.; 
150-151°/10mm. 

5. When stored in this manner the product is quite stable and 
darkens only slightly after 9 months. 

6. The analogous a-bromobenzalacetophenone may be pre- 
pared by a similar procedure. In a 1-1. three-necked round- 
bottomed flask fitted with a mercury-sealed stirrer and a reflux 
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condenser are placed 150 g. (0.41 mole) of benzalacetophenone 
dibromide/ 41 g. (0.50 mole) of anhydrous sodium acetate, and 
250 ml. of 95% ethyl alcohol. The mixture is stirred and refluxed 
for 5 hours and then worked up in the same manner as described 
above for a-bromobenzalacetone. Distillation gives a yield of 
100-110 g. (85-94%) of a pale yellow oil, boiling at 170-173°/! 
mm. On cooling, the oil crystallizes and melts at 42-44°. This 
product should also be stored in a dark bottle in the ice chest, 
but it is more stable and darkens less on standing than the 
analogous a-bromobenzalacetone. This product is less irritating 
to the skin than a-bromobenzalacetone (Note 1). 

3. Methods of Preparation 

a-Bromobenzalacetone has been prepared from benzalace- 
tone dibromide by heating with alcoholic potassium hydroxide ^ 
or with sodium acetate ^ solutions. a-Bromobenzalacetophenone 
is prepared by a similar procedure from benzalacetophenone 
dibromide.'* 

1 Org. Syntheses Coll Vol. 1, 205 (1941). 

2 Watson, J, Chem. Soc., 85, 464 (1904). 

3 Cromwell and Cram, J. Am. Chem. Soc., 65, 305 (1943). 

^ Wislicenus, Ann., 308, 226 (1899); Cromwell, J. Am. Chem. Soc., 62, 2899 
(1940). 
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<er<.-BUTYLAMINE 


(CH3)2CCH20H (CH 3 ) 2 C CH 2 OSO 2 O- — ^ 

I heat I 

NH2 NH3+ 

(CH 3 ) 2 C CH 2 ^ (CH3)3CNH2 

\ / Ni 


Submitted by Kenneth N. Campbell, Armiger H. Sommers, 
and Barbara K. Campbell. 

Checked by Nathan L. Drake and Shiney Melamed. 


1. Procedure 

A. 2j2-Dimethylethylenimine, A cold mixture of 110 g. (60 
ml., 1.06 moles) of concentrated sulfuric acid and 200 ml. of 
water is added in portions, with shaking, to a solution of 100 g. 
(107 ml., 1.12 moles) of 2-amino-2-methyl-l -propanol in 200 ml. 
of water contained in a 1-1. round-bottomed flask (Note 1). The 
flask is fitted with a thermometer extending into the liquid and 
a short still head carrying a downward condenser. 

Water is distilled from the mixture at atmospheric pressure 
until the temperature of the solution reaches 115° (Notes 2 
and 3) whereupon the liquid is transferred to a 500-ml. round- 
bottomed flask. This flask is connected to the distillation ap- 
paratus used previously except that the thermometer is replaced 
by a capillary tube. Distillation is then continued under the re- 
duced pressure obtainable from a water aspirator. The bath 
temperature is raised to 175° over a period of about an hour and 
is held there until the mixture solidifies (usually 30-60 minutes 
longer), and for 1 hour thereafter. The flask is cooled and 
broken to remove the product. 

The brown solid from the above operations is ground in a 
mortar and placed in a 500-mL distilling flask equipped with a 
downward condenser and a receiver. A cold solution of 100 g. 
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(2.5 moles) of technical sodium hydroxide in 150 ml. of water is 
added to the solid in the flask, and heat is applied by means of 
an oil bath whose temperature is slowly raised to 125°. From 
70 to 75 g. of distillate is collected; the head temperature ranges 
from about 70° to 101° (Note 2). The distillate is cooled in ice 
and saturated with technical potassium hydroxide; the organic 
layer which forms is separated and dried over potassium hydrox- 
ide pellets in a refrigerator for about 15 hours. 

The organic layer is separated from the drying agent and 
distilled from a few fresh pellets of potassium hydroxide through 
a column of the Whitmore-Fenske type. After a 3- to 5-g. fore- 
run, the product distils at 71-72°; the yield is 36-41 g. (45-51%) 
(Notes 4 and 5). 

B. tert-Butylamine. A hydrogenation bomb or bottle (Note 
6) is charged with 100 ml. of purified dioxane,^ 35.5 g. (0.5 mole) 
of freshly distilled 2,2-dimethylethylenimine, and about 9 g. 
(alcohol-wet weight) of Raney nickel.^ The apparatus is filled 
with hydrogen, warmed to 60°, and shaken until hydrogenation 
is complete (Note 7). The contents of the bomb are removed 
and filtered to separate the catalyst which is washed on the funnel 
with a little dioxane. 

The filtrates from two such runs are combined and distilled 
through a Whitmore-Fenske column of 10-15 theoretical plates 
at a 5:1 reflux ratio. The yield of /er^.-butylamine is 55-60 g. 
(75-82%); the product boils at 44-44.5°, and its refractive index 
is Wd 1.3770 (Note 8). 


2. Notes 

1. The 2-amino-2-methyl-l -propanol used was the Practical 
grade obtained from the Eastman Kodak Company. This 
aminoalcohol can also be secured from the Commercial Solvents 
Corporation. 

2. A Glass-Col heater may conveniently be substituted for 
the oil bath specified. 

3. Approximately 285 ml. of water must be collected before 
the temperature of the reaction mixture reaches 115°, 
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4. 2,2-Dimethylethylenimine polymerizes on standing; the 
product should be hydrogenated within a few hours after prep- 
aration. 

5. The checkers have followed the same procedure success- 
fully using tenfold quantities; the yield of the imine was 42%. 

6. The hydrogenation can be carried out equally well in metal 
or glass equipment. If a hydrogenator of the Parr low-pressure 
type is used, the bottle can be wound for electrical heating. Five 
turns of 24-gauge asbestos-covered Nichrome or Chromel A wire 
is satisfactory for the heating element. In use, current is supplied 
from a variable transformer, and the voltage necessary to heat 
the contents of the bottle to 60° is determined by experiment. 
The checkers used hydrogenation equipment supplied by the 
American Instrument Company. 

7. If the hydrogenation is carried out in a Parr hydrogenation 
apparatus at 40-60 lb. pressure, about 2 hours is required to com- 
plete the hydrogenation as described. The low boiling point of 
the ethylenimine makes it impossible to remove the air from the 
bottle by evacuation in the usual way prior to hydrogenation. 
Instead the bottle is filled with hydrogen to 15-20 lb. pressure, 
the pressure is released, and the process repeated. 

8. The checkers used high-pressure equipment and found that 
the hydrogenation of 336 g. of 2,2-dimethylethylenimine in 250 
ml. of purified dioxane in the presence of 3 teaspoonfuls of Raney 
nickel under 3000 lb. hydrogen pressure was complete in 10-15 
minutes; the temperature rise during the hydrogenation was 
about 50°. The yield of product was 283 g. (82%). 

3. Methods of Preparation 

2,2-Dimethylethylenimine has been prepared by the dehydra- 
tion of 2-amino-2-methyl-l -propanol.* The method described 
here is essentially that of Cairns.* 

/er/.-Butylamine has been prepared by the Hofmann rear- 
rangement of trimethylacetamide,^ by the action of /^r/.-butyl- 
magnesium chloride on monochloramine * or 0-methylhydroxyl- 
amine,® by the reduction of ^er/.-butylhydrazide,^ and from tert.- 
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butylurea.® It has been prepared from 2,2-dimethylethylenimine 
by low-pressure hydrogenation ® and by high-pressure hydro- 
genation.i® 

^ Fieser, Experiments in Organic Chemistry, 2nd ed., p. 369, D. C. Heath and Co., 
1941. See also Hess and Frahm, Ber., 71, 2627 (1938). 

2 Org. Syntheses, 21, 15 (1941). 

* Cairns, J. Am. Chem. Soc., 63, 871 (1941). 

* van Erp, Rec. trav. chim., 14, 16 (1895). 

® Coleman and Yager, J. Am. Chem. Soc., 51, 567 (1929). 

® Sheverdina and Kocheshkov, J. Gen. Chem. U.S.S.R., 8, 1825 (1938) 
[C. A., 33, 5804 (1939)]. 

^ Klages et al., Ann., 547, 1 (1941). 

* Smith and Emerson, J. Am. Chem. Soc., 67, 1862 (1945). 

* Campbell, Sommers, and Campbell, J. Am. Chem. Soc., 68, 140 (1946). 

Karabinos and Serijan, J. Am. Chem. Soc., 67, 1856 (1945). 


CARBOXYMETHOXYLAMINE HEMIHYDROCHLORIDE 
(Acetic acid, aminooxy-, hydrochloride) 

(CH 3 ) 2 C=NONa -t- BrCH2C02Na 

(CH3)2C==N0CH2C02Na + NaBr 

(CH3)2C=N0CH2C02Na + HCl 

(CH3)2C==N0CH2C02H + NaCl 

2(CH3)2C=N0CH2C02H + 2 H 2 O -f- HCl 

(H2N0CH2C02H)2HC1 -f 2(CH3)2C0 

Submitted by H. S. Anker and H. T. Clarke. 
Checked by H. R. Snyder and Peter Kovacic. 

1. Procedure 

A. Acetone carhoxymethoxime, A mixture of 612 g. (4.4 moles) 
of bromoacetic acid (Note 1) and 500 g. of crushed ice is chilled 
in an ice-salt bath and made distinctly alkaline to litmus with 
sodium hydroxide (about 440 g. of a 40% solution). During the 
neutralization an additional 500 g. of ice is added. To the solu- 
tion are then added 292 g. (4.0 moles) of acetoxime ^ and 440 g. of 
40% sodium hydroxide (4.4 moles), the temperature being held 
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below 20° during the addition of the alkali. The mixture is then 
allowed to flow dropwise, during 3-4 hours, through the inner 
tube of a steam-heated Liebig condenser (jacket 75 cm. long; 
inner tube 10-mm. diameter; angle of inclination about 20°) 
into a 5-1. round-bottomed flask cooled with running water 
(Note 2). The resulting solution is extracted three times with 
500-ml. quantities of freshly distilled peroxide-free ether (Note 3), 
and the aqueous solution is then cooled and made strongly acid 
by the addition of 500 ml. of concentrated hydrochloric acid 
(6 moles). During the acidification the temperature should 
not rise above 15°. The solution is saturated with sodium 
chloride and immediately extracted with six successive 1 500-ml. 
portions of peroxide-free ether. The ether is distilled from the 
combined ethereal extracts, and the residue, consisting of the 
crude acetone carboxymethoxime (333-345 g.), is used for the 
next step. The acetone carboxymethoxime may be purified by 
distillation under reduced pressure, the fraction boiling at 
95-97°/! mm. (Note 4) being collected (Note 5). The yield is 
300 g. (57%) of a colorless product melting at 76°. 

B. Carhoxymethoxylamine hemihydrochloride. The crude ace- 
tone carboxymethoxime is dissolved in about twice its weight 
of benzene; the solution is filtered and freed of benzene by distil- 
lation under reduced pressure from a steam bath. To a solution 
of 200 g. (1.52 moles) of the residue in 1 1. of water, in a 5-1. 
flask, are added 2 mg. of hydroquinone and 1 1. of concentrated 
hydrochloric acid. The flask is connected with a condenser, and 
steam is passed through the solution until acetone no longer 
comes over (30-40 minutes). The solution is concentrated under 
reduced pressure to a volume of 180-220 ml., and 400 ml. of 
isopropyl alcohol is added. The solution is then stored for 12 
hours in the icebox, and the crystals which separate are collected 
on a Buchner funnel and washed with cold isopropyl alcohol. 
Further crops are obtained by concentrating the mother liquors 
and adding isopropyl alcohol. The crude product (120-135 g.) 
may be recrystallized (Note 6) with very little loss by dissolving 
it in twice its weight of warm (50°) water (Note 7), adding 2 
volumes of isopropyl alcohol, and again chilling in an icebox. 
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Further small quantities can be recovered from the mother 
liquors by systematic repetition of the process described. The 
yield is 110-120 g. (66-72%) of white crystals which melt with 
decomposition at 152-153° (Note 8). 


2. Notes 

1 . Chloroacetic acid gives a poorer yield (46-49%) of acetone 
carboxymethoxime, and the crude product is more difficult to 
purify.2 

2. By this procedure, the reaction takes place in a few seconds, 
and the formation of by-products is minimized. If the solution 
of the reactants is heated in bulk, the reaction temperature can- 
not be controlled, and a lower yield is obtained of a dark product 
which, however, can be purified by distillation under reduced 
pressure. 

3. The unchanged acetoxime extracted by the ether amounts 
to 14-24 g. (5-8%). 

4. The temperature of the vapor, during distillation under 
apparently comparable conditions, may differ from run to run 
by as much as 20°. The temperature range of 95-97° is the 
lowest observed for 1-mm. pressure. Boiling ranges of 1 10-1 18°/1 
mm. have been reported. 

5. No carbonization and only slight formation of hydrogen 
cyanide, which occurs extensively during the distillation of prep- 
arations from chloroacetic acid,^ are observed. 

6. The use of decolorizing carbon should be avoided, as some 
brands appear to contain impurities which catalyze decomposition 
to ammonium chloride. 

7. If the resulting aqueous solution is cooled to 0° before the 
addition of isopropyl alcohol, about one-third of the product 
crystallizes in very pure form. 

8. The melting point depends on the rate at which the sample 
is heated. When the temperature is raised in the ordinary way 
the material melts (with evolution of gas) at 152-153°; when the 
bath is heated to 150° before the sample is inserted, the melting 
point is 159°, On the other hand, when a sample is held be- 
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tween 140° and 145° it melts after about 6 minutes. Decompo- 
sition evidently plays a large part in the matter. 

3. Methods of Preparation 

Carboxymethoxylamine (also called hydroxylamine-O-acetic 
acid), which is of value for the isolation of ketones,® has been 
prepared by the hydrolysis of ethylbenzhydroximinoacetic acid ^ 
and of ethyl benzohydroximinoacetate.® The present method is 
a modification of that described by Borek and Clarke.^ 

lOrg. Syntheses Coll. Vol. 1, 318 (1941). 

2 Borek and Clarke, J. Am, Chem. Soc.^ 58, 2020 (1936). 

^ Anchel and Schoenheimer, J. Biol. Chem., 114, 539 (1936). 

nVerner, Ber., 26, 1567 (1893); Werner and Sonnenfeld, Ber., 27, 3350 (1894). 

® Kitagawa and Takani, J. Blochem. Japan, 23, 181 (1936). 


DECAMETHYLENEDIAMINE 

(1,10-Decanediamine) 

CN CH 2 NH 2 

I NH« I 

(CH2)8 + 4H2 -4 (CH2)8 

I (Ni) I 

CN CH 2 NH 2 

Submitted by B. S. Biggs and W. S. Bishop. 
Checked by C. F. H. Allen and John R. Byers, Jr. 


1. Procedure 

A high-pressure bomb of about 1.1-1. capacity is charged with 
82 g. (0.50 mole) of sebaconitrile ^ and about 6 g. of Raney nickel 
catalyst ^ (Note 1) suspended in 25 ml. of 95% ethanol, using an 
additional 25 ml. of ethanol to rinse in the catalyst. The bomb 
is closed (Note 2), and about 68 g. (4 moles) of liquid ammonia 
is introduced from a tared, 5-lb. commercial cylinder (Note 3). 
Hydrogen is then admitted at tank pressure (1500 lb.), and the 
temperature is raised to 125°, The reaction starts at about 90° 
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and proceeds rapidly at 110-125°. When hydrogen is no longer 
absorbed (1-2 hours) the heater is shut off and the bomb allowed 
to cool. The hydrogen and ammonia are allowed to escape, and 
the contents of the bomb are rinsed out with two 100-ml. portions 
of 95% ethanol. The alcoholic solution is filtered quickly through 
a layer of decolorizing carbon (Note 4) to remove the catalyst 
and transferred to a 500-ml. Claisen flask having a modified side 
arm and connected by ground-glass joints to a receiver (Note 5). 
The alcohol is removed by distillation at atmospheric pressure, 
the receiver is changed, and the decamethylenediamine is dis- 
tilled under reduced pressure. It boils at 143-146V14 mm. 
(Note 6) and solidifies, on cooling, to a white solid, freezing point 
60°. The yield is 68-69 g. (79-80%) (Notes 7, 8, and 9). 

2. Notes 

1 . Raney nickel catalyst, already prepared and suspended in 
water, can be obtained from the Gilman Paint and Varnish Com- 
pany, Chattanooga, Tennessee. 

2. The safety disk should be made of steel, nickel, or other 
suitable material. It must not be of copper, which is readily 
attacked by ammonia under pressure. 

3. The ammonia may be introduced by a number of methods. 
Suitable ones are given under a-phenylethylamine ® and amino- 
acetal.^ The amount of ammonia is not critical, but maximum 
yields are obtained when 6-8 moles is used per mole of dinitrile. 
The purpose of the ammonia is to suppress secondary amine 
formation.®'® 

4. A 9-cm. Buchner funnel is used. The decolorizing carbon 
is deposited from a slurry in alcohol. 

5. As decamethylenediamine combines with atmospheric 
carbon dioxide rapidly, any solutions left standing should be 
protected by a drying tube containing solid potassium hydroxide. 
When air is admitted to the apparatus at the end of the distilla- 
tion it should be through such a tube. 

6. Decamethylenediamine should not be allowed to solidify 
in a bottle or Erlenmeyer flask, since it will probably break such 
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a container. A tared round-bottomed flask less than half filled is 
advisable. 

7. A dermatitis is induced in susceptible individuals by 
decamethylenediamine. 

8. The submitters reported yields of 85-90% on runs four 
times this size. 

9. Other boiling points are 139-140°/! 2 mm.; 126-127°/5 mm. 

3. Methods of Preparation 

Decamethylenediamine has been obtained by reduction of 
sebaconitrile either catalytically ^ or by sodium and alcohol.'^ 
It has also been obtained by hydrolysis of the condensation 
product from decamethylene iodide and phthalimide.® 

^ Org. Syntheses, 25, 95 (1945). 

“ Org. Syntheses, 21, 15 (1941). 

^ Org. Syntheses, 23, 69 (194v3). 

^ Org. Syntheses, 24, 3 (1944). 

^ Clark, Brit. pat. 490,922 [C. A., 33, 993 (1939)]. 

® Schwoegler and Adkins, J. Am. Chem. Sac., 61, 3499 (1939). 

’ Phookan and Krafft, Ber., 25, 2253 (1892). 

* v’^on Braun, Ber., 42, 4551 (1909). 


DIETHYLAMINOACETONITRILE 
(Acetonitrile, diethylamino-) 


(C 2 H 3 )..NH + NaCN + CH 2 O + NaHSOs 

(C2H5)2NCH2CN + Na2S03 + H 2 O 

Submitted by C. F. H. Allen and J. A. VanAllan. 

Checked by Cliff S. Hamilton, A. F. Harris, and C. W. Winter. 


1. Procedure 

This preparation should he carried out under a good hood since 
poisonous hydrogen cyanide may be evolved. 

To a solution of 312 g. (3 moles) of sodium bisulfite in 750 ml. 
of water in a 3-1. beaker is added 225 ml. of a 37-40% formalde- 
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hyde solution, and the mixture is warmed to 60°. After cooling 
to 35°, 219 g. (309 ml., 3 moles) of diethylamine is added with 
hand stirring, and the mixture is allowed to stand for 2 hours. 
The beaker containing the reaction mixture is placed under a 
good hood, and to it is added a solution of 147 g. (3 moles) of 
sodium cyanide dissolved in 400 ml. of water with efficient stirring 
so that the two layers are thoroughly mixed. After 1.5 hours the 
upper nitrile layer is separated and dried over 25 g. of Drierite; 
it weighs 299-309 g. (90-92%). The crude product is purified 
by distillation; the portion boiling at 61-63 °/l4 mm., 1.4230, 
amounts to 298-302 g. (88-90%) (Note 1). 

2. Note 

1. Higher homologs have been prepared from other aldehydes. 

3. Method of Preparation 

This procedure is essentially that recorded in the literature.^ 

‘ Knoevenagcl and Mercklin, Ber., 37 , 4089 ( 1904 ). 


DIHYDRORESORCmOL 

(1,3-Cyclohexanedione) 



Submitted by R. B. Thompson. 

Checked by Nathan L. Drake, G. Forrest Woods, and I. W. Tucker. 


1. Procedure 

A solution of 24 g. (0.6 mole) of sodium hydroxide, 100 ml. of 
water, and 55 g. (0.5 mole) of resorcinol is placed in an apparatus 
for high-pressure hydrogenation together with 10 g. of reduced 
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Universal Oil Products hydrogenation catalyst (Note 1) or 
Raney nickel.^ The pressure in the bomb is raised to 1000- 
1500 lb. with hydrogen, and the temperature is adjusted to 50® 
(Note 2). The bomb is shaken and the reaction allowed to 
proceed for 10 to 12 hours, during which time 0.5 mole of hydrogen 
is absorbed (Note 3). 

The apparatus is allowed to cool to room temperature, the 
pressure is released, and the catalyst is removed by filtration. 
The filtrate is made acid to Congo red with concentrated hydro- 
chloric acid, and the solution is cooled to 0® in an ice-salt bath 
and held at that temperature for 30 minutes before filtration. 
The dihydro resorcinol which crystallizes is separated by filtra- 
tion and dried; 50-60 g. of crude dry product containing sodium 
chloride is obtained. 

The crude dihydroresorcinol is dissolved in 125-150 ml. of hot 
benzene, filtered to remove the sodium chloride, and allowed to 
crystallize. The solid is separated by filtration and dried over- 
night in a vacuum desiccator. The product melts at 103-104® 
and weighs 48-53 g. (85-95%) (Note 4). 

2. Notes 

1. The Universal Oil Products hydrogenation catalyst con- 
sists of a mixture of nickel, nickel oxides, and kieselguhr com- 
pressed into pills containing 50-55% nickel. Before use in a 
liquid-phase hydrogenation of this sort, the catalyst must be 
reduced in a stream of hydrogen at 430®. The reduced catalyst 
is cooled in the stream of hydrogen and may be kept under 
alcohol. It also may be saturated with carbon dioxide and kept 
in a sealed bottle. The pilled material should be pulverized 
before use in this preparation. The pelleted Universal Oil 
Products hydrogenation catalyst may be purchased from Uni- 
versal Oil Products Company, 310 S. Michigan Ave., Chicago 4, 
Illinois. 

2. It is particularly important that the temperature should 
not rise above 50®; at higher temperatures complex condensation 
products result 
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3. It is important that hydrogenation be complete; incom- 
pletely hydrogenated material yields an oily product which is 
exceedingly difficult to crystallize. The usual time of hydrogen 
absorption is 4 to 5 hours with Universal Oil Products catalyst 
and about 4 hours with Raney nickel. The extra time mentioned 
in the procedure avoids any chance of incomplete reduction. 

4. Dihydroresorcinol is unstable; it can be stored only a short 
time. If it is not used immediately, it should be stored under an 
inert gas in a brown bottle in a refrigerator. 

3. Methods of Preparation 

Dihydroresorcinol has been prepared by the reduction of resor- 
cinol with sodium amalgam, ^ by reduction of hydroxyhydroqui- 
none or its carboxylic acid with sodium amalgam,* by hydrolysis 
of its dioxime, ^ or by cyclization of ethyl 7 -acetylbutyrate.* The 
present method of preparation is essentially that of Klingenfuss.® 

^ Org. Syntheses, 21, 15 (1941). 

2 Merling, Ann,, 278, 28 (1894). 

« Thiele and Jaeger, Ber., 34, 2841 (1901). 

^ Kotz and Grethe, J. prakt. Ghent., (2) 80, 502 (1909). 

® Vorlander, Ann., 294, 270 (1897); Schilling, Ann., 308, 190 (1899). 

® Klingenfuss (to Hoffmann-La Roche, Inc.), U. S. pat. 1,965,499 
[C..4., 28, 5476 (1934)]. 



24 


ORGANIC SYNTHESES 


3,6-DIMETHYL-4-CARBETHOXY-2-CYCLOHEXEN-l-ONE 
and 3,6-DIMETHYL-2-CYCL0HEXEN-1.0NE 

(2-Cyclohexen-l-one, 4-carbethoxy-3, 6-dimethyl-, and 
2-cyclohexen-l-one, 3,6-dimethyl-) 

CH3COCHCO2C2H5 

CH,CHO+2CH.COCH»COzC2Ht cHs^H + H 2 O 

CHsCOCHCOjCzHj 


CHaCOCHCOjCjH, 

CHain 

CHaCOCHCOaCaH, 


CH 3 CO 2 H 

HjSO* 


A 


H,C 


V 


N 

CHs 
CO2C2H5 


+ CH3CO2C2H5 + CO2 + H2O 



CO2C2H5 


HjC 



+ C2H5OH + COa 


Submitted by E. C. Horning, M. O. Denekas, and R. E. Field. 
Checked by Cliff S. Hamilton and Robert F. Coles. 


1. Procedure 

A. 3,5-DimethyU4-carhethoxy-2-cyclohexen-l-one. In each of 
three 500-ml. Erlenmeyer flasks (Note 1) is placed 210 ml. 
(210 g., 1.61 mole) of ethyl acetoacetate (Note 2). The flasks 
are placed in an ice-salt bath and chilled to 0°; to each flask 
there is then added 45 ml. (35.2 g., 0.78 mole) of acetaldehyde. 
When the contents of the flasks have cooled to —5° to 0° there 
is added to each flask, with shaking, a solution of 2 ml. of piper- 
idine in 5 ml. of absolute alcohol. The flasks, the contents of 
which become cloudy in a short time because of the separation 
of water, are kept in an ice-salt bath for 6 hours. The reaction 
mixtures are then combined in a 1-1. flask and placed in an icebox. 
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About 24 hours later, 3 ml. of piperidine in 5 ml. of absolute 
alcohol is added with shaking, and the flask is replaced in an ice- 
box until the next day. The addition of 3 ml. of piperidine in 
S ml. of absolute alcohol is repeated once more, and the mixture 
is again returned to the icebox for 24 hours. The mixture is 
then allowed to stand for at least 1 day at room temperature. 
At some point during this reaction period the mixture should 
crystallize as a mass of yellow-white needles (Note 3). This prod- 
uct is crude ethyl ethylidene-izVacetoacetate. 

The crude Si^-ester is melted on a steam cone and poured 
into a 3-1. round-bottomed flask containing 600 ml. of glacial 
acetic acid, 40 ml. of concentrated sulfuric acid, and approxi- 
mately 10 g. of small chips of porous plate (Note 4). The mix- 
ture is heated under reflux for 1 hour. There is a copious evolu- 
tion of carbon dioxide which should be directed to a gas-absorp- 
tion trap since it is accompanied by acetic acid vapors. The 
mixture is poured, with mechanical stirring, into 2 1. of ice water 
in a 4-1. beaker. Enough ether is added to allow separation of 
the layers (Note 5), and the organic layer is returned to the 
beaker with 1.2-1. 3 1. of water. With the aid of good stirring 
the mixture is neutralized by slow addition of solid sodium 
carbonate until the effervescence ceases. The layers are sepa- 
rated, and the material so obtained may be used immediately 
for the preparation of 3,5-dimethyl-2-cyclohexen-l-one. To ob- 
tain 3 ,5-dimethyl-4-carbethoxy-2-cy clohexen- 1 -one, the ether 
solution is washed with 100 ml. of 5% sodium hydroxide solution, 
then with 100 ml. of water containing 2 ml. of acetic acid, dried 
over anhydrous magnesium sulfate, and distilled through a short 
column under reduced pressure. After a very slight fore-run the 
main fraction is collected at 135-155°/ 10 mm. This is redistilled 
through a moderately good column, preferably of the Widmer 
or Vigreux type. The product is 3,5-dimethyl-4-carbethoxy-2- 
cyclohexen-l-one, b.p. 136-138V9 mm. The yield is 220-234 g. 
(47-50%). 

B. 3^5-Dimethyl’2<yclohexen-l-one, The ether solution of 
crude 3, 5-dime thyl-4-carbethoxy-2-cy clohexen- 1 -one obtained as 
described above is transferred to a 3-1. round-bottomed flask. 
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The ether is removed on a steam cone, preferably with the aid 
of an aspirator, and there are added 1140 ml. of water, 60 ml. of 
alcohol (95%), and 130 g. of sodium hydroxide. The mixture is 
shaken continuously and heated on a steam cone until the alkali 
dissolves, and heating is continued on a steam cone with fre- 
quent shaking Until the ester dissolves (Note 6). The solution is 
then refluxed for 15 minutes. 

The flask is cooled with a stream of water while a solution of 
100 ml. of concentrated sulfuric acid in 200 ml. of water is added 
slowly and cautiously (Note 7). The acidified mixture is heated 
under reflux for 15 minutes, allowed to cool, and the layers 
separated. The crude product is diluted with 100 ml. of ether 
and washed successively with two 100-ml. portions of 5% sodium 
hydroxide solution and with 100 ml. of water containing 5 ml. of 
acetic acid. The ethereal solution, after drying over anhydrous 
magnesium sulfate, is distilled through a short column under 
reduced pressure. The product boiling at 84-86°/9 mm. is 
3,5-dimethyl-2-cyclohexen-l-one; the yield is 155-165 g. (52- 
55%) (Note 8). 

2. Notes 

1. The checkers found it more convenient to use a 1-1. 
Erlenmeyer flask instead of three 500-ml. flasks. 

2. The ethyl acetoacetate was obtained from the Carbide 
and Carbon Chemicals Corporation. The acetaldehyde was 
obtained from the Niacet Chemicals Corporation. The piperidine 
was the Practical grade of the Eastman Kodak Company. 

3. Crystals may appear before the addition of all the piperi- 
dine has been completed. In this event the time of standing as 
described is followed, but no more catalyst need be added. 

4. Ordinary boiling chips are convenient. 

5. Usually 150-200 ml. of ether is ample. The layers may 
be separated in a separatory funnel, or the lower aqueous layer 
may be removed with a siphon. 

6. The solution of the ester is an exothermic process. No at- 
tempt should be made to heat the mixture to reflux temperature 
until the ester has been dissolved. 
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7. It is important that this step be carried out slowly and 
with a hot solution. A satisfactory method is to place the flask 
in a sink while the contents are still hot and to cool with a stream 
of water directed over the entire flask. The sulfuric acid solution 
should be poured slowly down the wall of the flask, the rate of 
addition being regulated by the vigor of the decarboxylation. 
It is possible to carry out part of the decarboxylation in the 
alkaline solution by prolonging the reflux period, but this pro- 
cedure offers no advantage over that described. 

8. This general procedure can also be applied to compounds 
derived from other aliphatic aldehydes.^ 

3. Methods of Preparation 

3,5-Dimethyl-4-carbethoxy-2-cyclohexen-l-one and 3, 5-di- 
me thyl-2-cyclohexen-l -one have always been prepared from 
acetaldehyde and acetoacetic ester through the Knoevenagel 
condensation.^ The keto ester has previously been obtained by 
selective saponification and decarboxylation methods which have 
involved heating the crude condensation product with water 
at 140° or with sodium ethoxide in alcohol.^ The ketone has 
been obtained from the same condensation product by prolonged 
refluxing in 20% sulfuric acid.^-^*® 

^ Horning, Denekas, and Field, J. Org. Chem., 9, 548 (1944). 

2 Knoevenagel, Ann., 281, 104 (1894). 

3 Rabe, Ann., 342, 344 (1905). 

^ Gatternian, Practical M etJiods of Organic Chemistry, trans. by Schober and 
Babasinian, p. 202, The Macmillan Company, New York, 1921. 

® Smith and Roualt, 7. Am. Chem. Soc., 65, 634 (194vS). 
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l,6-DIMETHYL-2-PYRROLroONE 
(2-P3nTolidone, 1,6-dimethyl-) 


CH3COCH2CH2CO2H + 2CH3NH2 ^ 

CH3CCH2CH2CO2NH3CH3 

II 

NCH3 

CH3CHCH2CH2CO2NH3CH3 

NHCH3 


CH2 CH2 



CH3CH 

\ 


C =0 -f CH3NH2 + H2O 


N 


CH3 


Submitted by Robert L. Frank, William R. Schmitz, 
and Blossom Zeldman. 

Checked by Arthur C. Cope and W. H. Jones. 


1. Procedure 

One hundred and ninety-four grams (170 ml., 1.67 moles) of 
levulinic acid (Note 1) and 500 ml. of 35% aqueous methylamine 
(sp. gr., 0.89; 3.94 moles of methylamine) (Note 2) are placed 
in a 2-1. steel reaction vessel of a high-pressure hydrogenation 
apparatus.^ Ten grams of Raney nickel catalyst ^ is added, the 
vessel is closed, and hydrogen is admitted to a pressure of 1000- 
2000 lb. The bomb is then heated with continuous agitation to 
140° and maintained at that temperature for 5 hours (Note 3). 
The contents are removed, and the bomb is washed with two 
100-ml. portions of water. After removal of the catalyst by 
filtration (Note 4), the filtrate is distilled under reduced pressure 
using a modified Widmer column. ^ A low-boiling fore-run of 
water and methylamine distils first, followed by the product, a 
colorless liquid boiling at 84-86V13 mm.; 102-104V27 mm.; 
«D 1-4611 (Note 5). The yield is 140-146 g. (74^77%). 
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2. Notes 

1. A. E. Staley Manufacturing Company's Grade A levulinic 
acid was used. 

2. Commercial 35% aqueous methylamine solution was used. 

3. The course of the reaction may be followed by the drop 
in hydrogen pressure, the decrease depending upon the size of 
the bomb employed. 

4. Because of its pyrophoric nature, the nickel catalyst should 
not be allowed to dry on the filter. A convenient alternative 
procedure for removing catalyst is to centrifuge the reaction 
mixture. 

5. The product of some runs has a light yellow tint, but the 
color appears to cause no complications in subsequent reactions 
of the material. 


3. Methods of Preparation 

l,S-Dimethyl-2-pyrrolidone has been prepared by the reac- 
tion of 5-methyl-2-pyrrolidone with excess methyl iodide^ and 
by the catalytic hydrogenation of a mixture of levulinic acid and 
methylamine.® 

^ Suitable equipment may be obtained from the American Instrument Com- 
pany, Silver Spring, Maryland, and the Parr Instrument Company, Moline, Illinois. 

2 Org. Syntheses, 21, 15 (1941). 

2 Smith and Adkins, J. Am, Chefn. Soc,, 60, 663 (1938). 

^ Senfter and Tagel, Ber., 27, 2313 (1894). 

* Hoffman-La Roche and Company, Ger. pat. 609,244 [C. A., 29, 3116 (1935)]. 
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2,3-DIPHENYLINDONE (2,3-DIPHENYL-l-INDENONE) 
(Indone, 2,3-diphenyl-) 




CO 

o 

C=CHC6H6 


CeHs OH 

\ / 

O 


CflHsMgBr 


CgHs OMgBr 

\ / 

o 


H2SO4 


'^\c=CHC6H5 




^'^C=CHC6H5 


^^^COCeHs 

COCH2C6H5 


\/\r/ 


0 


CcHs 

I 

C— OH 

I 

C— H 

i 

CeHs 


Heat 

> 

--H2O 


/\ 


w/ 


0 


-CCeHs 

II 

CCeHs 


Submitted by C. F. H. Allen, J. W. Gates, Jr., and J. A. VanAllan. 
Checked by R. L. Shriner and H. W. Johnston. 


1. Procedure 

A solution of phenylmagnesium bromide is prepared in the 
usual manner^ using 12.2 g. (0.5 gram atom) of magnesium, 
78.5 g. (52 ml., 0.5 mole) of bromobenzene, and 500 ml. of abso- 
lute ether in a 2-1. round-bottomed, three-necked flask fitted 
with a reflux condenser, a mechanical stirrer, and a dropping 
funnel. No unreacted magnesium should remain; if any does, 
an additional 1 to 2 ml. of bromobenzene should be added. 
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To this vigorously stirred solution is added slowly a solution 
of 44.5 g. (0.20 mole) of benzalphthalide ^ in 400 ml. of dry 
benzene. After about half of this solution has been added, the 
magnesium complex begins to separate; it hinders the stirring 
somewhat. When all the phthalide solution has been admitted 
(about 1 hour), the reflux condenser is replaced by a still head 
carrying a thermometer and attached to a condenser set for down- 
ward distillation. The bulk of the solvent is then removed; this 
requires about 30 minutes, the temperature of the vapor remain- 
ing at 50° for about half this time and rising to about 65° toward 
the end. About 220-230 ml. of distillate is obtained. The flask 
and contents are then immersed in an ice bath, and the magnesium 
complex is decomposed by the slow addition of a cold solution 
of 15 ml. of concentrated sulfuric acid in 300 ml. of water (Note 1) 
with rapid stirring. The upper benzene layer is separated and 
transferred to a 1-1. Claisen flask, and the solvent is removed 
by distillation from a steam bath; this requires about 4 hours. 
The residual thick red syrup is transferred to a 125-ml. Claisen 
flask with a wide side arm set up for vacuum distillation. The 
residue is heated under a pressure of about 10 mm. to remove all 
low-boiling material (Note 2) and then distilled under reduced pres- 
sure. The fraction boiling at 215-255°/6 mm. (195-220°/! mm.) 
is collected, most of the distillate coming over at 235-240°/6 mm. 
The distillate is dissolved in 50 ml. of boiling benzene, 200 ml. 
of hot 95% ethanol is added, and the solution is chilled in an 
ice bath for 2 hours. The red, crystalline 2,3-diphenylindone is 
collected on a filter, washed with 50 ml. of cold 95% ethanol, 
and air dried. The yield is 34-40 g. (60-71%) of red crystals 
melting at 149-151° (Notes 3 and 4). 


2. Notes 

1. The decomposition is vigorous, and the acid must be ad- 
mitted slowly at first but may be added more rapidly toward the 
end. 

2. During this heating any carbinol present is dehydrated. 
Low and erratic yields usually indicate incomplete dehydration. 
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3. The product may be recrystallized by dissolving it in 
50 ml. of boiling benzene and diluting with 200 ml. of hot ethanol. 
The recovery of material, m.p. 150-151°, is about 90%. 

4. This procedure is capable of considerable variation, by 
which other indenones may be secured. For example, the 
benzalphthalide may be replaced by other phthalides made 
from (a) other aldehydes, or (b) other anhydrides; the phenyl- 
magnesium bromide can be replaced by other Grignard reagents. 

3. Methods of Preparation 

2,3-Diphenylindone has been prepared by the action of 
phenylmagnesium bromide upon benzalphthalide and by ring 
closure from a,)3-diphenylcmnamic acid.®-* 

‘Or«. Syntheses Coll. Vol. 1, 226 (1941). 

‘ Org. Syntheses Coll. Vol. 2, 61 (1943). 

3 Lowenbein and Ulich, Ber,^ 58, 2662 (1925). 

* Weiss and Sauermann, Ber.y 58, 2736 (1925). 

» Meyer and Weil, Ber, 30, 1281 (1897). 

• Weitz and Scheffer, Ber,y 54, 2341 (1921). 
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2,4-DIPHENYLPYRROLE 
(Pyrrole, 2,4-diplienyl-) 

CsHsCHCHzCOCeHs + 2H2 ^ CeHsCHCHaCOCeHs ^ 

CN CH 2 NH 2 

CeHsCH -CH CoHsC CH 

I II ^ II II 

CH 2 CCeHs CH CCoHs 

\ / \ / 

NH NH 

Submitted by C. F. H. Allen and C. V. Wilson. 
Checked by Arthur C. Cope, Frank S. Fawcett, 
and Harold R. Nace. 


1. Procedure 

A suspension of 61 g. (0.26 mole) of a-phenyl-/^-benzoylpro- 
pionitrile ^ (Note 1) in 150 ml. of methyl alcohol and 1 level 
teaspoonful of Raney nickel catalyst (Note 2) are placed in 
a 400-500 ml. pressure bottle (Note 3) connected to a low- 
pressure reduction apparatus.^ The bottle is alternately evac- 
uated and filled with hydrogen twice, and the reduction is 
conducted at 80-90° by shaking with hydrogen at an initial 
pressure of 50 lb. After 2 moles of hydrogen are absorbed the 
reduction is discontinued, the solution is filtered to separate the 
catalyst, and the solvent is removed from the green filtrate by 
distillation under reduced pressure. The crude 2,4-diphenyl-2- 
pyrroline (Note 4) is rinsed into a 300-ml. Kjeldahl flask with a 
little methyl alcohol, which is removed by distillation at reduced 
pressure (water pump) while the flask is immersed in a bath 
at 100°. Selenium (10 g.) is added, and the mixture is heated 
in a metal bath at 245-265° for 5 hours while a slow stream of 
nitrogen is passed over the surface of the liquid. This operation 
is conducted in a well- ventilated hood. The molten mass is 
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poured from the reaction flask into a beaker (Note 5), and the 
product is extracted with 300 ml. of boiling toluene. The green 
toluene solution is filtered through a cotton plug to remove a small 
amount of suspended selenium, and the filtrate is cooled. The 
2,4-diphenylpyrrole separates as light green crystals which melt 
at 174-176° and weigh 24-26 g. (42-46%) (Note 6). A second 
crop of 2-3 g. (4-5%), m. p.l60-170°, can be obtained by con- 
centrating the filtrate and cooling. 

2. Notes 

1. The a-phenyl-/3-benzoylpropionitrile ' was used without 
recrystallization (m.p. 123-125°). 

2. The time required for the hydrogenation was 2.5 hours 
with a very active nickel catalyst, and longer with a less active 
catalyst. Raney nickel prepared according to Reference 2 is a 
particularly active catalyst and gives excellent results in this 
preparation. 

3. A 500-ml. Pyrex centrifuge bottle is satisfactory. 

4. The submitters state that distillation yields pure 2,4- 
diphenyl-2-pyrroline, b.p. 170-172°/3 mm., 203-205°/8 mm., 
which solidifies on cooling (yield 80-90%). 

5. If the contents of the flask are not poured into a beaker 
while molten, it is difficult to remove the cake of selenium. 
If more than one preparation is to be made, the contents of the 
flask are allowed to cool and the product is extracted with hot 
toluene. The selenium can be reused. 

6. The product is sufficiently pure for most purposes. Re- 
crystallization from toluene gives a 90-93% recovery of a very 
light green product, m.p. 179-180° (cor.). The submitters state 
that the product obtained in the first crystallization has this 
melting point if the 2,4-diphenyl-2-pyrroline is purified by dis- 
tillation before dehydrogenation. 
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3. Methods of Preparation 

2,4-Diphenylpyrrole has been prepared only by dehydrogena- 
tion of 2,4-diphenyl-2-pyrroline with selenium, Raney nickel, 
and nickel supported on pumice.^ 

' Org. Syntheses Coll. Vol. 2, 498 (1943). 

* Pavlic and Adkins, J. Am. Chem. Soc., 68, 1471 (1946), 

Wrg. Syntheses, 21, 15 (1941). 

‘Org. Syntheses Coll. Vol. 1, 61 (1941). 

‘ Rogers, J. Chem. Soc., 1943, 594. 


ETHYL a-ISOPROPYLACETOACETATE 
(Isovaleric acid, a-acetyl, ethyl ester) 

CH3COCH2CO2C2H5 + (CH3)2CH0H -5% 

CH3C0CH((CH3)2CH)C02C2H5 + H 2 O 

Submitted by Joe T. Adams, Robert Levine, 
and Charles R. Hauser. 

Checked by H. R. Snyder and John Mirza. 

1. Procedure 

This reaction should be carried out under a well-ventilated hood 
{Note 1). 

A mixture of 30.0 g. (0.5 mole) of anhydrous isopropyl alcohol 
and 65.0 g. (0.5 mole) of freshly distilled ethyl acetoacetate is 
placed in a 500-ml. round-bottomed three-necked flask equipped 
with a mercury-sealed stirrer, a gas inlet tube terminating about 
1 cm. above the surface of the liquid, a gas outlet tube connected 
with a calcium chloride drying tube, and a thermometer (Note 2). 
The gas inlet tube is connected to a source of boron fluoride 
(Note 3), and an ice bath is applied to the reaction flask; when 
the temperature of the stirred mixture has fallen to approximately 
0^ the stream of boron fluoride is started and adjusted so that the 
temperature of the mixture does not exceed 7°. The addition of 
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boron fluoride is continued until the mixture is saturated and for 
15 minutes thereafter (Note 4). The reaction mixture then is 
stirred at 28° for 2.5 hours (Note 5), at the end of which period 
it is poured slowly into a stirred mixture of 130 g. of hydrated 
sodium acetate, 100 ml. of water, and 200 g. of crushed ice. The 
beaker containing the resulting mixture is allowed to stand in an 
ice bath for 2 hours with occasional stirring. 

The mixture is poured into a 1-1. separatory funnel. The 
beaker is rinsed with 300 ml. of ether, and this portion of solvent 
is shaken with the mixture in the separatory funnel. The phases 
are separated, and the aqueous solution is extracted twice with 
100-ml. portions of ether. The combined ether solutions are 
washed with saturated aqueous bicarbonate solution until carbon 
dioxide no longer forms. The solution is transferred to an 
Erlenmeyer flask and dried over about 25 g. of anhydrous sodium 
sulfate for 12 hours, after which it is decanted into another 
Erlenmeyer flask and dried over about 10 g. of Drierite for 6 
hours. 

A 125-ml. modified Claisen flask is arranged for distillation, 
but with a dropping funnel fitted in the neck intended for the 
ebullator tube. Portions of the dried ether solution are introduced 
into the flask through the funnel while the flask is heated on the 
steam bath for continuous removal of the solvent. After all the 
ether solution and the ether washings from the last drying agent 
have been concentrated, the dropping funnel is replaced by an 
ebullator tube and distillation under diminished pressure is begun 
cautiously. Fractions are collected at 60-96 V^O mm. and at 
96-98V20 mm. The first fraction is redistilled to give an addi- 
tional quantity of material boiling at 96-98V20 mm. (Note 6). 
The combined product weighs 52-58 g. (60-67%) (Note 7). 

2. Notes 

1. Although no definite data are available concerning the 
toxicity of boron flouride, users should exercise caution and 
avoid breathing the fumes. The toxic effects of hydrogen fluoride 
and alkali fluorides are well known. Boron fluoride reacts with 
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moisture in the air, forming white fumes of fluoboric acid and 
boric acid which cause a choking sensation when breathed. 

2. The entire apparatus is dried in an oven at about 100° just 
before use. 

3. Commercial boron fluoride from a tank is passed through a 
saturated solution of boric oxide in concentrated sulfuric acid. 

4. The time required for saturation varies from 1 to 2 hours, 
depending upon the rate of addition. As the saturation point is 
approached, the fuming at the end of the exit tube increases rather 
sharply; the mixture is considered to be saturated when the fum- 
ing appears to have become constant. 

5. The temperature and time at this point are critical and 
must be controlled carefully. 

6. If the fractionation is conducted with a 30-cm. Vigreux 
column the redistillation of the fore-run is unnecessary. 

7. By the same method ethyl a-cyclohexy lace toacet ate 
(b.p. 146-148 V20 mm.) has been prepared in 34% yield from 
cyclohexanol and acetoacetic ester, and ethyl a-/^rL-butylaceto- 
acetate (b.p. 101-102°/20 mm.) in 10-14% yield from -butyl 
alcohol and acetoacetic ester. 

3. Methods of Preparation 

The above procedure is based on that described by Adams, 
Abramovitch, and Hauser.^ Ethyl a-isopropylacetoacetate has 
also been prepared by Hauser and B reslow ^ by the reaction of 
ethyl acetoacetate with isopropyl ether in the presence of boron 
trifluoride and by Bischoff ® by the alkylation of the sodium 
derivative of ethyl acetoacetate with isopropyl iodide. 

^ Adams, Abramovitch, and Hauser, J. Am. Chem. Soc.j 65, 552 (1943). 

* Hauser and Breslow, J. Am. Chem. Soc.j 62, 2389 (1940). 

* Bischoff, Ber., 28 , 2620 (1895). 
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4-ETHYLPYRIDINE 
(Pyridine, 4-ethyl-) 

2C,H,N+2(CHaC0),0 CII,COn(^)dH-CI^)nCOCH. 

^ heat 

Y 

N^^CHaCH, CH.CON^'^^CHCOCH. + CallaN 

Submitted by Robert L. Frank and Paul V. Smith.^ 
Checked by Homer Adkins and Robert H. Jones. 

1. Procedure 

In a 3-1. three-necked, round-bottomed flask fitted with a 
Hershberg stirrer and a thermometer are placed 1500 ml. of 
acetic anhydride and 300 g. (306 ml., 3.80 moles) of dry pyridine 
(Note 1). Three hundred grams (4.6 gram atoms) of zinc dust 
(Note 2), in amounts of 5-10 g., is added with stirring over a 
period of 3 hours. Heat is evolved almost immediately, and a 
cooling bath of water may be necessary. The reaction mixture 
becomes green after about 20 minutes. The temperature of the 
contents of the flask should be maintained between 25° and 30°. 
After the addition of the first 300-g. portion of zinc, 300 ml. of 
acetic acid is added to the reaction mixture and a reflux condenser 
is attached to the flask. Then 120 g. (1.83 gram atoms) of zinc 
dust is added in small portions. Heat is evolved during the addi- 
tion, and the reaction may become rather violent. The mixture 
is refluxed with stirring for 30 minutes. A third portion of 180 g. 
(2.75 gram atoms) of zinc dust is added all at once, and refluxing 
is continued for an additional half hour. The solution is now 
orange-brown. 

The flask is allowed to cool, and the contents are transferred 
to a 5-1. round-bottomed flask. The mixture is cautiously 



4-ETHYLPYRIDINE 


39 


neutralized with 2 1. of a 40% aqueous solution of sodium hydrox- 
ide. The mixture is steam-distilled until 3 1. of distillate is col- 
lected, after which the residue is discarded. The distillate, which 
separates into two layers, is saturated with 1500-1800 g. of solid 
potassium carbonate (Note 3). The organic layer is removed by 
decantation; the remaining water layer is divided into two por- 
tions, and each is extracted once with 150 ml. of chloroform. The 
chloroform extracts are combined with the organic layer. 

The mixture is distilled using an efficient fractionating column 
(Note 4). There is a large fore-run of chloroform, pyridine, and 
water (Note 5), after which the temperature rises and 145-167 g. 
of material, b.p. 145-165V760 mm., is collected. This is refrac- 
tionated, and 135-155 g. (33-38%) of 4-ethylpyridine, b.p. 
163-165 V7b0 mm.; 1.5010, is obtained (Note 6). 

2. Notes 

1 . The pyridine is dried over calcium oxide and redistilled. 

2. The zinc is activated before use by stirring 830 g. of zinc 
dust in 300 ml. of 10% hydrochloric acid for 2 minutes, filtering, 
and washing the zinc with 600 ml. of water, then with 200 ml. of 
acetone. 

3. An equal weight of sodium chloride may be used instead of 
potassium carbonate. 

4. A Fenske-type column 30 cm. in length and 18 mm. in 
diameter packed with glass helices gave satisfactory separations. 

5. It does not appear feasible to recover the pyridine from the 
mixture of chloroform, water, and pyridine. 

6. This procedure has been employed by Arens and Wibaut ^ 
to prepare other 4-alkyl derivatives of pyridine. The yields tend 
to decrease as the molecular weight of the anhydride increases. 
The boiling points are as given below: 4-propylpyridine 189^, 
4-w-butylpyridine 207-209°, 4-isobutylpyridine 197-199°, 4-iso- 
amylpyridine 222-223°, and 4-w-octylpyridine 265-268°. 
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3. Methods of Preparation 

4-Ethylpyridine has been prepared by heating N-ethyl- 
pyridinium iodide in a sealed tube at 300°; * by heating pyridine 
with ethyl iodide; * from 4-ethylpyridinecarboxylic acid through 
distillation from lime; ‘ and in small amounts by distilling brucine 
with potassium hydroxide.® Pyridine when heated with ferric 
chloride in an autoclave gives a mixture of alkylated pyridines 
from which 4-ethylpyridine can be isolated.’ A general method 
for 4-alkylpyridines involves heating 5-(7-pyridyl)-5-alkyl- 
barbituric acids with alkali followed by an acid cleavage to remove 
the carbon dioxide.® 4-Ethylpyridine has been isolated from 
California petroleum.® The most useful method involves the 
treatment of pyridine with acetic anhydride and zinc.’®-” 

^ Work done under contract with the OflSce of Rubber Reserve, Reconstruction 
Finance Corporation. 

* Arens and Wibaut, Rec. trav. chim., 61, 59 (1942). 

»Ladenburg, Ber., 16, 2059 (1883); 18, 2961 (1885); Ann., 247, 1 (1888). 

*Ladenburg, Ber., 32, 42 (1899). 

® Gabriel and Colman, Ber., 35, 1358 (1902). 

* Oechsner de Coninck, Ann. chim., (5) 27, 507 (1882). 

^ Morgan and Burstall, /. Chem. Soc., 1932, 20. 

® Gebauer (Chemische Fabrik von Heyden, A.-G.), Gcr. pat. 638,596 [C. ^4., 
31, 3067 (1937)]. 

® Hackmann, Wibaut, and Gitsels, Rec. trav. chim., 62, 229 (1943). 

Dohrn and Horsters (Chemische Fabrik auf Actien vorm. E. Schering), Ger. 
pat. 390,333 [Chem. Zentr., 1924, II, 891). 

Wibaut and Arens, Rec. trav. chim., 60, 119 (1941). 
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GLYCOLONITRILE 

CH 2 O + KCN + H 2 O HOCH 2 CN + KOH 

Submitted by Roger Gaudry. 

Checked by C. F. H. Allen and J. A. VanAllan 

1. Procedure 

This preparation should be carried out under a good hood since 
poisonous hydrogen cyanide may be evolved. 

In a 1-1. three-necked flask, fitted with a stirrer, thermometer 
for reading low temperatures, and a dropping funnel, and sur- 
rounded by an ice-salt bath, is placed a solution of 130 g. (2.0 
moles) of potassium cyanide in 250 ml. of water. With stirring, 
a solution of 170 ml. (2.0 moles) of commercial 37% formaldehyde 
solution ^ and 130 ml. of water is admitted slowly from the drop- 
ping funnel at such a rate that the temperature never rises above 
10° (about 40 minutes is required). After 10 minutes’ standing, 
230 ml. of dilute sulfuric acid (57 ml. of concentrated sulfuric 
acid, sp. gr. 1.84, in 173 ml. of water) is added with stirring, 
the same low temperature being maintained. A copious precipi- 
tate of potassium sulfate is formed. The pTl of the solution is 
then about 1.9. A 5% potassium hydroxide solution is then 
added, dropwise, and with cooling, until the is about 3.0 
(determined either by means of a pH meter or tropaeolin 00 
paper) ; about 4 ml. of the solution is required. The flask is then 
removed from the cooling bath, 30 ml. of ether is added, and the 
mixture is well shaken. The salt is removed by filtration, 
using a 14-cm. Buchner funnel, and washed with 30 ml. of ether. 
The filtrate is poured into a 1-1. continuous ether extractor* 
and extracted for 48 hours with 300 ml. of ether (Note 1). The 
ether extract is dried for 3-4 hours over 15 g. of anhydrous cal- 
cium sulfate (Drierite) (Note 2) and filtered. Ten milliliters of 
absolute ethanol is added to the filtrate, and the ether is removed 
on a steam bath (Note 3). The residue is distilled under reduced 
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pressure using a flask having a Vigreux side arm. After a small 
(2-3 ml.) fore-run, the glycolonitrile distils smoothly at 86-88°/8 
mm. (102-104°/16 mm.). The yield of pure glycolonitrile 
(Note 4) amounts to 86.5-91 g. (76-80%). 

2. Notes 

1. It is impractical to extract more than 40-45% of the nitrile 
without using a continuous ether extractor. A slightly lower 
yield is obtained if the extraction is continued for only 24 hours. 
The reaction mixture may be extracted in portions if the available 
flask is smaller than that specified. 

2. Anhydrous sodium sulfate can be used equally well, but 
its drying action is slower, at least 24 hours being advisable. 

3. If the alcohol is omitted, the nitrile shows a strong tendency 
to polymerize during the removal of the ether, especially when 
most of the ether has distilled. 

4. The alcohol serves as a preservative before and after the 
distillation. Glycolonitrile obtained without the use of alcohol 
usually cannot be kept more than a few days; it sometimes turns 
brown within 24 hours. Some samples of alcohol-stabilized 
glycolonitrile have been preserved in sealed bottles for two 
years, whereas other samples polymerized in a few months. 

3. Methods of Preparation 

Glycolonitrile has usually been prepared by the interaction 
of formaldehyde and an alkali cyanide in aqueous solution * of 
which the procedure outlined is a modification. A recent develop- 
ment is the cyanohydrin interchange method.^' ^ 

* Org. Syntheses Coll. Vol. 1, 378, Note 1 (1941). 

“ Org. Syntheses Coll. Vol. 2, 378 (1943). 

’ Polstorll and Meyer, Ber., 45, 1911 (1912). 

< Rung, U. S. pat. 2,259,167 [C. A., 36, 494 (1942)]. 

‘ Mowry, /. Am. Chem. Soc., 66, 372 (1944). 
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6-HYDROXYPENTANAL 
(Valeraldehyde, 8-hydroxy-) 


CH 2 

/ \ 

CH 2 CH 

I 

CH 2 CH 

\ / 

O 


+ H2O 


HCl 

> H0(CH2)4CH0 


Submitted by G. Forrest Woods, Jr. 

Checked by Cliff S. Hamilton and Wm. V. Ruyle. 


1. Procedure 

In a 1-1. three-necked flask provided with a Hershberg stirrer 
are mixed 300 ml. of water, 25 ml. of concentrated hydrochloric 
acid (Note 1), and 100 g. of 2,3-dihydropyran.^ The mixture 
is stirred until the solution has become homogeneous and then 
for an additional 20 minutes (Note 2). After the addition of a 
few drops of phenolphthalein indicator to the mixture, the acid 
is neutralized with 20% sodium hydroxide; enough alkali is 
added so that a faint pink color just persists. 

The solution is then transferred to a continuous extractor and 
extracted with ether for about 16 hours. The ether extract is 
added in convenient portions to a 250-ml. modified Claisen flask 
fitted with a condenser and a suitable fraction-cutter for distilla- 
tion under reduced pressure. The ether is removed by distillation 
under the diminished pressure of a water pump, and the residue 
is then distilled at about 10 mm. pressure. After a small fore-run 
which weighs 2-5 g., the product distils as a clear, colorless, 
viscous oil at 62-66V9-10 mm.; Wq 1.4513. The yield is 
90-95 g. (74-79%) (Notes 3 and 4). 
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2. Notes 

1. The quantity of acid is arbitrary. This amount was 
chosen to minimize the time of hydration. The order of addition 
of the reactants should be that stated above. Less acid may be 
used with increased reaction time; more should not be used. 

2. About 5-10 minutes is required before the solution becomes 
homogeneous. Some heat is evolved during the hydration. The 
submitter has found that the amount of 2,3-dihydropyran may 
be increased up to 300 g. without using more water or acid; how- 
ever, if larger quantities of the pyran are used, the pyran must 
be added dropwise to the acid solution with cooling. 

3. A convenient apparatus for the distillation is a modified 
Claisen flask whose side arm is provided with a short water- 
cooled condenser. A fraction-cutter of the ^^pig^^ type is satis- 
factory. 

4. According to the submitter the product can be converted 
smoothly to pentamethylene glycol by hydrogenation over Raney 
nickel at 90^ and 2000 lb. pressure. It will also undergo reductive 
alkylamination by a procedure similar to that described for 
2-isopropylaminoethanol.2 

3. Methods of Preparation 

5-Hydroxypentanal has been prepared only by the method 
of Paul,* of which the above is an adaptation. 


^ Org. Syntheses y 23, 25 (1943). 

* Org. Syntheses y 26, 38 (1946). 

« Paul, Bull. soc. chim.y (5), 1, 976 (1934). 
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ISATOIC ANHYDRIDE 


(N-Carboxyanthranilic anhydride) 

O 


A 

V 


I— CO2H 
-NH2 


-f- COCI 2 




V\n/' 

H 


CO 


+ 2HC1 


Submitted by E. C. Wagner and Marion F. Fegley. 
Checked by R. L. Shriner and R. M. Hedrick. 


1. Procedure 

Phosgene is toxic. The apparatus should he set up in a good 
hood. 

One hundred and thirty-seven grams (1 mole) of anthranilic 
acid is dissolved, with the aid of gentle warming, in a mixture 
of 1 1. of water and 126 ml. of concentrated hydrochloric acid 
(sp. gr. 1.19). The solution is filtered into a 2-1. three-necked 
flask fitted with a gas-tight, mechanically driven Hershberg 
stirrer.^ Through one of the side necks extends an inlet tube 
which ends in a coarse sintered glass gas-dispersing tip extending 
well into the liquid in the flask. The inlet tube is connected 
with a cylinder of phosgene through an empty safety flask. In 
the third neck of the flask is mounted an addition tube, through 
the vertical arm of which a thermometer (Note 1) is mounted so 
that the bulb is immersed in the reaction liquid. The outlet tube 
is attached to the lateral arm of the addition tube and is con- 
nected to an empty safety flask which in turn is connected to a 
Drechsel bottle charged with ammonium hydroxide. 

With the stirrer in rapid motion (Note 2) phosgene is passed 
into the solution of anthranilic acid at such a rate that bubbles 
of gas escape slowly into the ammonia scrubber (about two 
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bubbles per second). Isatoic anhydride appears as a precipitate 
soon after the stream of phosgene is started. The temperature 
rises but is prevented from exceeding 50^^ (Note 3) by regulation 
of the rate at which phosgene is introduced. The stream of phos- 
gene is continued for 2 to 4 hours, or until the rate of absorption 
is clearly much decreased (Note 4). The flask is disconnected, 
and residual phosgene is blown out by passing a current of air 
through the mixture. The product is collected on a Buchner 
funnel and is washed with three 500-ml. portions of cold water. 
The first crop amounts to 54-56 g. 

The mother liquor is returned to the reaction flask, the ap- 
paratus reassembled, and the passage of phosgene resumed 
(Note 5). When the rate of absorption has noticeably decreased 
(60 to 90 minutes) the precipitated isatoic anhydride is collected 
on a filter and washed. The second crop amounts to 34^54 g. 
A third passage of phosgene at a considerably reduced rate will 
often yield a small additional crop (10 to 24 g.) of isatoic an- 
hydride (Note 6). 

The product is dried in air and then at 100°. The total yield 
is 118-123 g. (72-75%) of a white or nearly white product which 
decomposes at 237-240° cor.; this material is pure enough for 
most purposes. It may be recrystallized from 95% ethanol 
(about 30 ml. per gram) or from dioxane (about 10 ml. per gram). 
The former solvent permits the higher recovery (89-90%) and, 
except for the large volume required, is to be preferred. The 
mother liquor may be used for recrystallization of several succes- 
sive lots of isatoic anhydride. The purified compound decom- 
poses at 243° cor. (Note 7). 


2. Notes 

1. A thermometer with the graduation marks on the upper 
half of the stem is convenient. 

2. The rate of absorption of phosgene is dependent upon the 
speed and efficiency of the stirring. This also determines the 
amount of product obtained in each treatment with phosgene. 

3. Operation below room temperature is without advantage. 
At 60° or above the yield of isatoic anhydride is decreased, or 
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the process may yield precipitated material from which little or 
no isatoic anhydride can be obtained. Cooling of the mixture 
might become advisable during operation on a scale larger than 
specified. 

4. It is advisable to precipitate the isatoic anhydride in 
several successive crops as directed, rather than to attempt to 
complete the reaction in one step, because the accumulation of 
precipitated isatoic anhydride slows the rate of absorption of 
phosgene to such an extent that prolonged passage of the gas at 
a decreasing and eventually very low rate would be necessary. 

5. It is important to clean the glass gas-dispersing tip with 
hot dioxane before reassembling the apparatus. 

6. A small (usually trifling) fmal crop of isatoic anhydride 
can be obtained by addition of 40 g. (1 mole) of sodium hydroxide 
to the liquid and by introducing phosgene slowly. 

7. The method is capable of extension to other 6?-amino- 
carboxylic acids, ^ e.g., to 3-amino-2-naphthoic acid, 4,4'-di- 
aminobiphenyl-3,3'-dicarboxylic acid, and 2-amino-/?-toluic acid. 
With some acids other than anthranilic, difficulty may be en- 
countered owing to the readiness with which their hydro- 
chlorides are salted out of solution by hydrochloric acid. 

3. Methods of Preparation 

Isatoic anhydride has been prepared by prolonged refluxing 
of a mixture of anthranilic acid and ethyl chlorocarbonate,^ a 
reaction usually accompanied by formation of considerable mono- 
ethyl or/and diethyl isatoate; or by action of phosgene upon 
anthranilic acid in a solution the acidity of which is moderated 
by occasional addition of sodium carbonate.^ The method de- 
scribed is based upon a patented procedure ® in which, under 
conditions not fully specified, phosgene is passed into a solution 
of anthranilic acid hydrochloride with no subsequent adjustment 
of the acidity. 

^ Org. Syntheses Coll. Vol. 2, 117 (1943). 

^ Erdmann, Ber.^ 32, 2159 (1899). 

* Ger. pat. 500,916 [Frd/., 17, 500 (1930)]; Clark and Wagner, J. Org. Chein.j 9, 
60 (1944). 
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6-METHOXY-8-NITRO QUINOLINE 
(Quinoline, 6-methoxy-8-nitro-) 


OCH3 

A 

I + C3H5(0H)3 

S^^N02 

NH2 


H2S04 

> 

AS205 


CH30|^A 




NO2 


N 


Submitted by Harry S. Mosher, William H. Yanko, and 
Frank C. Whitmore. 

Checked by R. L, Shriner, C. E. Kaslow, and Mason Hayek. 


1 . Procedure 

This preparation must be carried out with careful attention to 
the times and temperatures specified, since Skraup reactions are 
likely to become violent. The operator should wear goggles, and 
there should be a safely shower close at hand. 

In a 5-1. three-necked, round-bottomed flask, a homogeneous 
slurry of the following compounds is made by mixing in the order 
given (Note 1) : 588 g. (2.45 moles) of powdered arsenic oxide 
(Note 2), 588 g. (3.5 moles) of 3-nitro-4-aminoanisole (Note 3), 
and 1200 g. (950 ml., 13 moles) of u.s.p. glycerol. The flask is 
fitted with an efficient mechanical stirrer and a 500-ml. dropping 
funnel in which is placed 315 ml. (579 g., 5.9 moles) of concen- 
trated sulfuric acid (sp. gr. 1.84). With good mechanical stir- 
ring the sulfuric acid is dropped into the orange reaction mix- 
ture over a period of 30-45 minutes. During this addition, the 
temperature spontaneously rises to 65-70°. 

The stirrer and dropping funnel are removed, and a thermom- 
eter is inserted in one neck of the flask by means of a stopper so 
that the bulb is well below the surface of the reaction mixture. 
A 10-mm. bent glass tube is attached to the second neck by a 
rubber stopper and attached through a trap to a water aspirator 
(Note 4). The third neck is closed with a stopper, and the flask 
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and its contents are weighed. The flask, clamped in place in an 
oil bath which rests on a hot plate (Note 5), is evacuated, and 
heat is carefully applied at such a rate that the internal tempera- 
ture slowly rises to 105° (Note 6). The mixture is kept between 
105° and 110° until the loss in weight amounts to 235-285 g. 
(Note 7), which requires approximately 2-3 hours, depending on 
the efficiency of the aspirator. If the temperature shows any 
tendency to rise above 110°, the oil bath should be lowered and 
the mixture cooled. 

When the removal of the water is complete, the suction tube 
is removed and the stirrer and dropping funnel are replaced. 
The internal temperature is raised with extreme care to 118° and 
is held rigidly between 117° and 119° during the subsequent 
addition of 438 g. (236 ml.) of concentrated sulfuric acid (sp. gr. 
1.84) from the dropping funnel. The sulfuric acid must be added 
dropwise over a period of 2. 5-3. 5 hours, and the temperature 
must not vary from 117-119° (Note 8). After the addition is 
complete the temperature is maintained at 120° for 4 hours 
(Note 9) and finally at 123° for 3 hours. The reaction mixture 
is cooled below 100°, diluted with 1.5 1. of water, and allowed to 
cool overnight, preferably with stirring (Note 10). The diluted 
reaction mixture is poured with stirring into a mixture of 1.8 1. 
(1580 g.) of concentrated ammonium hydroxide (sp. gr. 0.9) and 
3.5 kg. of ice in a 12-1. enameled pail. The resultant thick slurry 
is filtered through a large Buchner funnel (24-30 cm.), and the 
filtrate is discarded. The earth-colored precipitate is washed 
with four 700-ml. portions of water and then transferred to a 
3-1. beaker and stirred with 1 1. of methanol for 15 minutes. 
The slurry is filtered and this process repeated (Note 11). The 
crude product at this point is a light chocolate brown and weighs 
about 800 g. when dried. It is purified by boiling for 30 minutes 
with 4.5 1. of chloroform (Note 12) to which has been added 
30 g. of decolorizing carbon. The carbon and other humus-like 
material are removed by filtration from the hot chloroform solu- 
tion by means of a 24-cm. warm Buchner funnel. The insoluble 
material is boiled with 500 ml. of chloroform, the resultant mix- 
ture filtered, and the combined filtrates concentrated by distil- 
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lation from a steam bath to a volume of 1.5-2. 5 1., at which 
point crystals of the 6-methoxy-8-nitroquinoline separate. The 
solution is then cooled to 5° and the first crop of crystals ob- 
tained by collection on a 24-cm. Buchner funnel. The crystals 
are transferred to a 1-1. beaker, stirred with 400 ml. of methanol 
for 15 minutes, and again collected on a Buchner funnel and 
washed with 200 ml. of methanol. The product consists of light 
tan crystals which weigh 435-500 g. and melt at 158-160° 
(Note 13). By concentrating the filtrate to 400-500 ml., a 
second crop of crystals weighing 25-65 g. is obtained which, 
after washing with methanol in the same way as above, melts 
at 158-159°. The total yield is 460-540 g. (65-76%) (Notes 
14, 15). 

2. Notes 

1. It is desirable to carry out the reaction without interrup- 
tion. In order to do this, it is best to set up the apparatus and 
mix the arsenic oxide, 3-nitro-4-aminoanisole, and glycerol on 
one day and start the sulfuric acid addition the first thing in the 
morning of the following day. If the reaction must be inter- 
rupted, it can be allowed to cool after it has been heated under 
reduced pressure. The yield is not affected, but great care must 
be exercised in reheating the reaction mixture since it sets to a 
glass, and it is very easy to superheat the outer portions while 
the center is still cold. If this happens, vigorous decomposition 
is very likely to occur. 

2. Although powdered arsenic oxide was used, probably an 
equivalent amount of any form of the oxide, such as syrupy 
arsenic acid, would be suitable since the excess water would be 
removed when heated under reduced pressure. 

3. The 3-nitro-4-aminoanisole was the technical commercial 
product, m.p. 124-126°, obtained from E. I. du Pont de Nemours 
and Company. 

4. It is desirable to have a manometer in the system. The 
pressure should drop to approximately 30 mm. as the tempera- 
ture approaches 105°. If, during the initial evacuation, foaming 
occurs, it will be necessary to loosen the stopper on the reaction 
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flask or trap and let in air until foaming subsides and steady 
bubbling commences. 

5. The oil bath can be heated by a hot plate which is con- 
nected in series to a variable resistance for temperature control. 
It may be heated with a Bunsen burner, but the temperature of 
the reaction must then be watched continually. The flask should 
be clamped in place in such a manner that the source of heat 
can be removed quickly if necessary. 

6. The external temperature may be kept at about 110-115° 
but should not be raised above this, particularly after the in- 
ternal temperature has reached 105°. If the temperature rises 
uncontrolled at this point, complete decomposition of the reac- 
tion mixture will result. 

7. The loss in weight is dependent upon the quality of the 
arsenic oxide and glycerol used. If these are dry, the weight loss 
should be as indicated. The lower figure is equivalent to 1 mole 
of water for each mole of glycerol. 

8. The success of the reaction depends upon the temperature 
control at this and subsequent points. Since the temperature is 
dependent upon at least four variables — the rate of addition of 
sulfuric acid, the rate of stirring, the heat of reaction which de- 
creases as the reaction proceeds, and the heat applied — the tem- 
perature must be watched very closely. Too rapid addition of 
the sulfuric acid during the initial stages of the addition will 
result in an uncontrolled rise in temperature, terminating in the 
complete oxidation of the reaction mixture by the sulfuric acid. 
A large volume of sulfur dioxide is evolved, and the reaction 
mixture is converted into a voluminous, porous, carbon mass. 
The progress of the reaction must be watched throughout its complete 
course and cannot be left unattended. 

9. The reaction is complete when a drop of the mixture on 
a piece of wet filter paper does not give an orange ring due to 
the presence of unreacted 3-nitro-4-aminoanisole. If the test is 
still positive at the end of the heating period, the temperature 
should be cautiously raised to 125° and heating continued until 
the test is negative. If the reaction does not go to completion, 
it is very difficult to remove this unused starting material from 
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the product and it must be repeatedly decolorized and recrystal- 
lized. 

10. On cooling, the sulfate salt of the 6-methoxy-8-nitro- 
quinoline partially crystallizes from the reaction mixture. By 
stirring the mixture, the product comes down as a fine tan, micro- 
crystalline precipitate. This can be isolated and crystallized, but 
it is more convenient to work it up in the form of the base. 

11. These methanol washings remove much of the impurities, 
especially small amounts of unreacted nitroanisidine, with a 
minimum loss of product. The solubility of 6-methoxy-8-nitro- 
quinoline in methanol at room temperature is 0.8 g. per 100 g. 
of solvent and at the boiling point is 4.1 g. per 100 g. of solvent. 
The solubility in chloroform, on the other hand, is 3.9 g. per 
100 g. of solvent at room temperature and 14.2 g. at the boiling 
point. It is possible to obtain about 12 g. of product by working 
up these washings, but it is usually not worth the trouble. 

12. The 4.5 1. of chloroform used is more than is necessary 
to dissolve the product, but this amount prevents the difficulties 
arising from crystallization in the Buchner funnel duringfiltration. 

13. If, during the reaction, the temperature has not been 
properly regulated, the crystals may require another treatment 
with decolorizing carbon and crystallization from chloroform. 

14. The product may also be recrystallized from hot ethylene 
dichloride using 300 ml. of solvent for each 100 g. The recovery 
is 80-90% of 6-methoxy-8-nitroquinoline melting at 160-161'^. 

15. By the same procedure the submitters have prepared 
6-ethoxy-8-nitroquinoline in 70% yield, 8-methoxy-6-nitroquino- 
line in 68% yield, 6-chloro-8-nitroquinoline in 75% yield, and 
6-methoxy-5-bromo-8-nitroquinoline in 69% yield from the 
properly substituted aromatic amines. 

3. Methods of Preparation 

6-Methoxy-8-nitroquinoline was first obtained by Schule- 
mann and coworkers ^ by a modification of the Skraup reaction. 
Various other modifications of this reaction have been used by 
Magidson,^ Foumeau, ® Altn^an, ^ Brahmachari,® Misani and Bo- 
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gert, ® and Morgan and Tipson. ^ The modification given here 
was the best of several tried and is taken from the procedure of 
Strukov. ® 

^ Schulemann, Schuenhofer, and Wingler, Ger. pat. 486,079 [C.A.y 24, 1937 
(1930)]. F. Bayer and Co., Brit. pat. 267,457 [C. A., 22, 1216 (1928)]. 

* Magidson and Strukov, Arch. Pharm.y 271, 359 (1933). 

* Fourneau, Trefouel, Bovet, and Benoit, Ann. inst. Pasteur y 46, 514 (1931). 

* Altman, Rec. trav. chim.y 571, 941 (1938). 

* Brahmachari and Bhattachryee, J . Indian Chem. Soc.y 8, 571 (1931). 

® Misani and Bogert, J. Org. Chem., 10, 347 (1945). 

’ Morgan and Tipson, J. Am. Chem. Soc.y 68, 1569 (1946). 

8 Strukov, Org. Chem. Ind. U.S.S.R.y 4, 523 (1937) [C. A., 32, 4987 (1938)]. 


1-METHYL-.2-IMINO-P-NAPHTHOTHIAZOLINE 
(Naphtho[l,2]thiazole, l-methyl-l,2-dihydro-2-imino-) 
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J^NH 40 H 
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Submitted by Homer W. J. Cressman. 

Checked by Nathan L. Drake and Werner R. Boehme. 


1. Procedure 

In a 1-1. three-necked flask fitted with a thermometer, a drop- 
ping funnel, and a mechanical stirrer are placed 65 g. (0.3 mole) 
of l-methyl-l-(l-naphthyl)-2-thiourea (p. 58) (Note 1) and 
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400 ml. of glacial acetic acid (Note 2). To the mechanically 
stirred suspension, maintained at 18-20"^ by cooling in a water 
bath, is added dropwise over a 30-minute period 48 g. (0.3 mole) 
of bromine in 50 ml. of glacial acetic acid. The light-yellow addi- 
tion product is stirred an additional 15 minutes at 18-20°. After 
the thermometer is replaced by an outlet tube (Note 3), the mix- 
ture is heated in a water bath maintained at 80-85° (Note 4) 
for 3 hours. Hydrogen bromide is evolved copiously with the 
formation of a white, crystalline hydrobromide. When the mix- 
ture is cool, it is filtered and the precipitate is washed on the 
filter with 50 ml. of acetone and then with two 250- to 300-ml. 
portions of dry ether. One hundred milliliters of concentrated 
ammonia is then added with stirring to the salt suspended in 
700 ml. of warm water (60-65°). The imine base first separates 
as an oil (Note 5) ; after the mixture has been stirred and warmed 
on the steam bath for 10 minutes, it is extracted with 500 ml. of 
chloroform and filtered by suction through a Norite filter pad 
5-6 mm. thick. The bottom layer is separated, washed with 
350 ml. of water, and dried by stirring with 40 g. of potassium 
carbonate. The residual oil, after removal of the solvent on the 
steam bath under reduced pressure, is poured into an evaporating 
dish and stirred while cooling. The brownish-colored crystals 
(Note 6) are dried at 80-85°; they melt at 97-99° and weigh 
58-62 g. (90-97%). If desired, the naphthothiazoline (Note 7) 
can be crystallized from petroleum ether (60-90°) using 75 ml. 
per gram of product. The recovery of the almost colorless 
(cream) crystals is 85%. The recrystallized thiazoline melts at 
97-99°. 

2. Notes 

1. The thiazoline was obtained in the best yields and with the 
lightest color from freshly prepared l-methyl-l-(l-naphthyl)-2- 
thiourea. The air-dried thiourea loses hydrogen sulfide and 
ammonia after several days^ storage. 

2. The use of glacial acetic acid for cyclization is essential; 
in chloroform, the bromo-addition product does not lose hydrogen 
bromide. 



1-METHYL-2-IMINO-/3-NAPHTHOTHIAZOLINE 55 

3. A gas absorption trap * can be used to absorb the hydrogen 
bromide evolved. 

4. The temperature of the water bath is easily maintained at 
80-85° by heating it on a steam bath. 

5. The oil solidifies on cooling. The crystalline product can 
be separated by filtration and recrystallized from 50% aqueous 
alcohol or petroleum ether (60-90°). 

6. This product is satisfactory for synthetic purposes. 

7. This type of reaction can be used successfully for the 
preparation of other naphthothiazolines and naphthoselenazolines. 
The submitter has prepared 2-imino-l-methylnaphtho[l,2]selen- 
azoline, m.p. 94-95°, and 2-imino-l-ethylnaphtho[l,2]selenazoline, 
m.p. 82-84° by similar methods. 

3. Methods of Preparation 

The preparation of this compound is not described in the 
literature. 


Org. Syntheses Coll. Vol. 2, 4 (1943). 
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N-METHYL-l-NAPHTHYLCYANAMroE 
(Cyanamide, methyl-(l-naphthyl)-) 


N(CH3)2 


+ BrCN 


CHs 

N— CN 

f/\A 


+ CHsBr 


Submitted by Homer W. J. Chessman. 

Checked by Nathan L. Drake and Werner R. Boehme. 


1. Procedure 

Caution! Cyanogen bromide is highly toxic. This preparation 
should be carried out under a good hood. 

A mixture of 171 g. (1 mole) of dimethyl-a-naphthylamine 
(Note 1) and 125 g. (1.2 moles) of cyanogen bromide ^ in a 1-1. 
flask (Note 2) is heated under reflux on the steam bath for 16 
hours (Note 3). The cooled reaction mixture is added to 2.5 1. 
of dry ether, and the insoluble quaternary salt (Note 4) is filtered. 
The ether filtrate is extracted with four 800-ml. portions of 
approximately 15% hydrochloric acid solution (Note 5) and 
washed with five 500-ml. portions of water. The ether solution 
is dried with 30-35 g. of anhydrous calcium sulfate (Drierite). 
After filtration, the solvent is removed by distillation at atmos- 
pheric pressure on the steam bath; the residue is fractionated 
under reduced pressure. The yield of pale yellow oil, boiling 
at 170-171°/! nim. (185-187V3 mm.), amounts to 115-122 g. 
(63-67%) (Note 6). 

2. Notes 

1. Better yields are obtained by dealkylating the tertiary 
amine in this manner than by starting with the secondary amine. 
In a similar manner, N-ethyl-l-naphthylcyanamide, b.p. 165- 
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168 V2 mm., is obtained in a 48% yield from diethyl-a-naphthyl- 
amine; the yield from the secondary amine is only 25%. 

2. Ground-glass equipment is preferable. 

3. In order to avoid loss of cyanogen bromide an efficient 
condenser must be used and the heating should be very gradual 
at first. 

4. About 10 g. of a-naphthyltrimethylammonium bromide, 
m.p. 160°, is generally obtained. 

5. About 25 g. of crystalline dimethyl-a-naphthylamine 
hydrochloride may be recovered by efficient chilling of the 
hydrochloric acid extracts. 

6. The N-methyl-l-naphthylcyanamide turns dark green 
upon standing exposed to the air for several days. It may be 
preserved in sealed, evacuated ampoules in the absence of light. 

3. Methods of Preparation 

The preparation described is based on the method of von 
Braun and co-workers.^ 

1 Org. Syntheses Coll. Vol. 2, 150 (1943). 

2 von Braun, Heider, and Muller, Ber.^ 61, 281 (1918). 
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l-METHYL-l-(l-NAPHTHYL)-2-THIOUREA 
(Urea, l-niethyl-l-(l-naphthyl)-2-thio-) 


CH 3 


N— CN 


+ H2S 


CjHjOH 

> 

NHj 


CH 3 S 

I / 

N— C--NH 2 


kA/ 


Submitted by Homer W. J. Cressman. 

Checked by Nathan L. Drake and Werner R. Boehme. 


1 . Procedure 

The apparatus, consisting of a 1-1. three-necked flask, fitted 
with a glycerol-sealed mechanical stirrer,* two inlet tubes (10-mm. 
bore) extending nearly to the blades of the stirrer, and an outlet 
tube (Note 1), is set up in a good hood. Into a solution of 91 g. 
(0.5 mole) of N-methyl-l-naphthylcyanamide (p. 56) in 350 ml. 
of absolute ethyl alcohol, mechanically stirred and cooled by 
immersion of the flask in a water bath maintained at 20-25°, 
ammonia is bubbled at a moderate rate. After 5 minutes, 
hydrogen sulfide (Note 2) is passed into the solution at about 
the same rate. The introduction of ammonia is continued for 
1.5 hours; hydrogen sulfide is passed into the mixture an addi- 
tional 30 minutes. A white solid begins to separate soon after 
the first addition of hydrogen sulfide. After the mixture is 
chilled in an ice-salt bath, it is filtered. The solid is suspended 
in 350 ml. of cold water, again separated by filtration, and finally 
washed with two 100-ml. portions of water, then with two 100-ml. 
portions of methyl alcohol, and dried. The yield of 1 -methyl- 1- 
(l-naphthyl)-2-thiourea, m.p. 168-170° (Note 3), amounts to 
89-97 g. (82-90%) ; this material is suitable for most purposes. 
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2. Notes 

1 . The use of an alkali trap ^ is recommended. 

2. This general reaction can be used for preparing other un- 
symmetrical thioureas when the desired cyanamides can be ob- 
tained. The submitter has also prepared 1 -methyl- l-(l-naph- 
thyl)-2-selenourea, m.p. 174-175° with decomposition, and 
l-ethyl-l-(l-naphthyl)-2-selenourea, m.p. 168-170° with decom- 
position, by substitution of hydrogen selenide for hydrogen 
sulfide. 

3. The thiourea can be further purified by recrystallization 
from ethanol. The recrystallized product melts at 170-171°. 

3. Methods of Preparation 

The preparation of this compound is not reported in the 
literature. 

* Org. Syntheses, 21, 40 (1941). 

» Org. Syntheses Coll. Vol. 1, 266 (1941). 



60 


ORGANIC SYNTHESES 


MUCOBROMIC ACID 
(Acrylic acid, a,p-dibromo-p-fonnyl-) 

HC CH 

II II + 4Br2 + 2 H 2 O 

HC C— CO 2 H 

V 

BrC— CHO 

II + CO 2 + 6HBr 

BrC— CO 2 H 

Submitted by C. F. H. Allen and F. W. Spangler. 
Checked by R. L. Shriner and Nicholas J. Kartinos. 


1. Procedure 

In a 2-1. three-necked round-bottomed flask, equipped with 
a reflux condenser attached to a gas trap,^ a dropping funnel, and 
a mechanical stirrer, are placed 100 g. (0.9 mole) of furoic acid 
(Note 1) and 440 ml. of water. The flask is immersed in a pan 
of crushed ice, and 686 g. (220 ml., 4.3 moles) of bromine is 
placed in the dropping funnel. The stirrer is started, and the 
bromine is added over a period of about 1 hour with constant 
stirring and cooling (Note 2). The bromine is decolorized almost 
immediately at first and then more slowly as the reaction pro- 
ceeds. The mixture is then heated to boiling and refluxed for 
30 minutes. The condenser is removed and the boiling con- 
tinued for an additional 30 minutes with one neck of the flask 
open. The mixture is cooled and chilled thoroughly whereupon 
the mucobromic acid separates and is collected on a filter. The 
filter cake is removed and thoroughly triturated with a solution 
of 5 g. of sodium bisulfite in 150 ml. of water (Note 3), and the 
product is again removed by filtration. After drying in the air the 
crude product weighs 155-170 g. (67-73%) and melts at 120-122° 
(cor.). 

The mucobromic acid may be recrystallized by solution in 
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250 ml. of boiling water with the addition of 2 g. of Darco. The 
hot solution is filtered, and the filtrate is thoroughly chilled in 
an ice bath. After filtration and drying there is obtained 148-155 
g. (64-67%) of white crystals melting at 123-124° (cor.). 

2. Notes 

1. The furoic acid may be obtained from furfural by means 
of the Cannizzaro reaction ^ or by oxidation with alkaline potas- 
sium permanganate.^ It is important to purify the furoic acid 
to a melting point of 131-132°. 

2. It is essential that the flask and its contents be weU cooled; 
otherwise the yield is materially decreased. 

3. The sodium bisulfite solution removes the color produced 
by the excess bromine. 


3. Methods of Preparation 

The only practical methods of preparation are the action of 
bromine on furfuraldehyde ^ or furoic acid in aqueous solu- 
tion. 

1 Org. Syntheses Coll. Vol. 2, 4 (1943). 

^ Org. Syntheses Coll. Vol. 1, 276 (1941). 

^ Wagner and Simons, J. Ghent. Education^ 13, 270 (1936). 

< Simonis, Ber., 32, 2085 (1899). 

« Jackson and Hill, Am. Chem. 3, 41 (1881-2); Ber., 11, 1671 (1878). 

® Schmelz and Beilstein, Ann. Sup pi., 3, 276 (1864). 

^ Limpricht, Ann., 166, 293 (1873), 



62 


ORGANIC SYNTHESES 


m-NITRODIMETHYLANILINE 
(Aniline, N,N-dimethyl-7n-nitro-) 

N(CH3)2 N(CH3)2 



f/\ 


HNOa 



H2S04^ 

1 


V 


Submitted by Howard M. Fitch. 

Checked by C. F. H. Allen and J. A. VanAllan. 


1. Procedure 

In a 3-1. three-necked round-bottomed flask fitted with an 
effective mechanical stirrer, a dropping funnel, and a thermom- 
eter, and surrounded by an ice bath, is placed 1270 ml. (23.0 
moles) of concentrated sulfuric acid (sp. gr. 1.84). Then 363 g. 
(3.0 moles) of dimethylaniline (Note 1) is slowly added with 
stirring and cooling so that the temperature remains below 25°. 
Stirring and cooling are continued until the temperature falls to 
5°. A nitrating mixture is prepared by adding 366 g. (200 ml., 
3.6 moles) of concentrated sulfuric acid (sp. gr. 1.84) to 286 g. 
(200 ml., 3.15 moles) of concentrated nitric acid (sp. gr. 1.42), with 
cooling and stirring. This is placed in the dropping funnel and 
added, drop by drop, the end of the dropping funnel being kept 
beneath the surface of the solution of dimethylaniline sulfate. 
The temperature is regulated between 5° and 10°, best by addi- 
tion of small pieces of Dry Ice (Note 2); about 1.5 hours is re- 
quired (Note 3). When the addition has been completed, the 
solution is stirred at 5-10° for 1 hour, and then poured, with 
stirring (Note 4), into an enameled pail containing 6 1. of ice and 
water (Note 5). Concentrated ammonium hydroxide is added 
slowly, with good stirring and using a dropping funnel that ex- 
tends beneath the surface of the liquid, until the color of the 
precipitate changes to a light orange (Note 6). During this step 
the temperature is kept below 25°, using Dry Ice. From 1900 to 
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2050 ml. of ammonium hydroxide is required. The crude 
^-nitrodimethylaniline is collected on a filter and washed with 
200 ml. of water (Note 7). Concentrated ammonium hydroxide 
(sp. gr. 0.90) is again added to the combined filtrate and wash- 
ings, with good agitation and cooling to keep the temperature 
below 25°, until the liquid gives a purple color on Congo red 
paper (Note 8). From 1500 to 1650 ml. of ammonium hydroxide 
is required. The product is collected on a Buchner funnel and 
washed with 500 ml. of water. The crude w-nitrodimethylaniline 
(316-342 g. dry weight) is recrystallized from 400 ml. of hot 
95% ethanol and carefully washed on the filter with 100 ml. of 
cold 95% ethanol. The yield is 280-316 g. (56-63%) of bright 
orange crystals that melt at 59-60°. 

2. Notes 

1. The dimethylaniline should be of good quality. Dimethyl- 
aniline (free from mono), m.p. 1°, of the Eastman Kodak Com- 
pany, and dimethylaniline, Merck, are satisfactory. 

2. A cooling bath of Dry Ice and acetone can be used, but 
addition of the solid directly to the mixture is more satisfactory 
and less is required. 

3. The mixture may be left overnight at room temperature. 
It is advisable to complete the subsequent neutralization in one 
day. 

4. A powerful stirrer is required to mix the large volumes. 

5. If large equipment is not available, it is convenient to 
divide the nitration mixture into four parts (about 490 ml. each) 
and to pour each portion into 1.5 1. of ice and water in a 4-1. 
beaker. After neutralization, the precipitates from the four lots 
are combined on the filter. 

6. It is essential that all the para isomer be precipitated, 
since it is not easily removed by recrystallization from solvents. 
The point at which the yellow ^-nitrodimethylaniline ceases to 
precipitate and the orange w-nitrodimethylaniline begins to 
precipitate is difficult to judge without experience, since the solu- 
tion itself has an orange color. If doubt exists, a small sample 
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may be filtered so that the color of the precipitate can be clearly 
seen. If very much of the para isomer remains in solution, a 
yellow precipitate or turbidity is obtained on diluting the filtrate 
with several volumes of water. 

7. If the para isomer is to be recovered, the precipitate should 
be washed well with water to remove all acid and dried. The solid 
(143-155 g.) is recrystallized from 400 ml. of benzene and care- 
fully washed on the filter with 125 ml. of cold benzene. The 
yield is 74-92 g. (14-18%) of bright yellow crystals that melt 
at 163-164^ 

8. Substantially all the w-nitrodimethylaniline is precipi- 
tated at a of about 3, while any dimethylaniline present 
remains in solution. 


3. Methods of Preparation 

The above procedure is a modification of the method of Groll; ^ 
a more laborious method of purification has been described.* 
w-Nitrodimethylaniline can also be prepared by methylation of 
w-nitroaniline using methyl sulfate.® 

1 Groll, Ber., 19, 198 (1886). 

2 Bobranskil and Eker, J. Applied Chem. U.S.S.R., 14, 524 (1941) [C. A., 36, 
3159 (1942)]. 

^Ullmann, Ann., 327, 112 (1903). 
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3-PENTEN-2-OL 

Ether 

CH 3 CI + Mg > CHaMgCl 

CH3CH=CHCH0 + CH 3 MgCl ^ 

CH3CH=CHCH(OMgCl)CH3 > 

NH4CI 

CH3CH=CHCH0HCH3 + MgCl 2 + NH 4 OH 
Submitted by E. R. Coburn. 

Checked by Homer Adkins, B. W. Winner, John Woods, 

R. F. McElwee and Robert M. Ross. 


1. Procedure 

A 5-1. round-bottomed three-necked flask is equipped with a 
mechanical stirrer in a suitable seal (Note 1), a reflux condenser 
of the cold finger type (Note 2) protected from moisture in the 
air by a drying tube, and a gas delivery tube extending nearly 
to the bottom of the flask. The flask is surrounded by an ice 
bath, and the cold finger is filled with solid carbon dioxide in 
acetone. Approximately 1700 ml. of dry ether and 61 g. (2.5 
gram atoms) of magnesium are placed in the flask and cooled to 
about 0°. Methyl chloride (130 ml., 130 g., 2.6 moles) is con- 
densed (Note 3) in a 250-300 ml. test tube held in a bath of solid 
carbon dioxide in acetone (Note 4). About 50 ml. of methyl 
chloride is allowed to distil from the test tube containing the 
methyl chloride through the gas delivery tube into the rapidly 
stirred mixture of ether and magnesium. The reaction mixture 
is then warmed until the reaction of methyl chloride and magne- 
sium is under way. A crystal of iodine may be added if the 
reaction does not start readily. The methyl chloride is then 
allowed to distil into the reaction mixture during a period of about 
3 hours. The reaction mixture and the tube containing the 
methyl chloride are cooled if the refluxing of the reaction mixture 
becomes so vigorous that the reflux condenser does not condense 
the methyl chloride. After all the methyl chloride has been 
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added, the reaction mixture is warmed for 1 hour so that there is 
a gentle reflux. 

At the end of this time, when almost all the magnesium 
has reacted, the Dry Ice cold finger is replaced with a water 
condenser and the gas delivery tube with a dropping funnel. A 
solution of 142 g. (2.02 moles) of freshly distilled crotonaldehyde 
in 300 ml. of dry ether is added dropwise while the reaction mix- 
ture is stirred vigorously and cooled. The reaction mixture is 
allowed to stand at room temperature for 1 hour. 

The Grignard addition compound is decomposed by adding 
435 ml. of a saturated ammonium chloride solution (Note 5) 
dropwise, with vigorous stirring, to the thoroughly cooled reac- 
tion mixture. A dense white precipitate, too heavy to be stirred 
mechanically, forms and settles to the bottom of the flask. After 
the reaction mixture has been allowed to stand for 1 hour, the 
ether solution is poured off and the precipitate washed by 
decantation with two 300-ml. portions of ether. 

The ether is removed by distillation, and the residual 3-pen- 
ten-2-ol is distilled through a short column (Note 6) at atmos- 
pheric pressure. The yield of material boiling at 119 - 121 ^ is 
140-150 g. (81-86%). Pure 3-penten-2-ol boils at approxi- 
mately 120V740 mm. 

2. Notes 

1. A Hershberg type of stirrer ^ is preferred. The submitter 
used a stirrer of tantalum with a mercury seal; the checkers 
used a Nichrome stirrer in a simple rubber seal.^ 

2. The reflux condenser must be of very high capacity, as 
otherwise methyl chloride may be lost. The checkers used a cold 
finger type of condenser in which the dimensions of the finger 
or container for the refrigerant were 30 cm. in length and 3 cm. 
in outside diameter. The glass jacket surrounding the finger was 
4.5 cm. in outside diameter, but was drawn down to 1.3 cm. below 
the finger for convenience of insertion into one of the necks of 
the reaction flask. 

3. Methyl chloride is led from a commercial cylinder to the 
bottom of the test tube used for measuring and storing the 
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reagent. The tube is previously marked so that the desired 
volume (130 ml.) of methyl chloride may be readily measured. 

4. The checkers also obtained equally good results with less 
effort by allowing a slow stream of dry methyl chloride to pass 
directly from the commercial cylinder into the reaction mixture 
until practically all the magnesium had reacted. 

5. Hydrolysis of the Grignard complex with saturated am- 
monium chloride solution possesses the advantage that the re- 
sulting ethereal solution of the alcohol is neutral and sufficiently 
dry so that it need not be dried before distillation. The alcohol 
is dehydrated if it is distilled from a mixture containing even a 
trace of a mineral acid. Approximately 125 g. of ammonium 
chloride and 345 ml. of water are required for the saturated solu- 
tion referred to above. 

6. The submitter used a Hempel column. The checkers used a 
modified Widmer or Vigreux column, 1.3 cm. in diameter and 
15 cm. in length. 


3. Methods of Preparation 

3-Penten-2-ol has been prepared by the addition of methyl 
magnesium iodide ^ - ^ or bromide ® to crotonaldehyde and by 
the partial dehydration of pentandiol.® 

1 Org. Syntheses Coll. Vol. 2, 117 (1943). 

2 Org. Syntheses y 21, 40 (1941). 

® Courtot, Bull. soc. chim.y (3), 35, 983 (1906). 

* Kyriakidcs, J . Am. Chem. Soc.y 36, 663 (1914). 

® Reif, Ber.y 39, 1603 (1906); 41, 2739 (1908). 

® Mulliken, Wakeman, and Gerry, J. Am. Chem. Soc.y 57, 1605 (1935). 

^ Auwers and Westcrmann, Ber.y 54, 2996 (1921). 

* Hurd and Cohen, J. Am. Chem. Soc.y 53, 1917 (1931). 

» Kyriakides, J. Am. Chem. Soc.y 36, 996 (1914). 
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-y-n-PROPYLBUTYROLACTONE and 
p-(TETRAHYDROFURYL)-PROPIONIC ACID 

(Enanthic aCid, ■y-hydroxy-, lactone, and 2-furanpropionic acid, 

tetrahydro-) 


2>\ ;'CH=CHC02H 
0 


Ni(Al) 

NaOH^ 


HaC- 

oc 


-CHa 


\ / 
O 


CHCH 2 CH 2 CH 3 


+ 


H2C CH2 

I I 

H2C CHCH2CH2CO2H 



Submitted by Erwin Schwknk, Domenick Papa, Hilda Hankin, 
and Helen Ginsberg. 

Checked by Cliff S. Hamilton and Flaven E. Johnson. 


1. Procedure 

In a 2-1. beaker resting on a hot plate and equipped with a 
mechanical stirrer arc placed 150 g. of sodium hydroxide (Note 1 ) 
dissolved in 800 ml. of water and 41.4 g. (0.3 mole) of furyl- 
acrylic acid.^ The stirrer is started, and to the warm solution 
(Note 2 ) 100 g. of Raney nickel-aluminum alloy is added, in small 
portions, over a period of 4-4.5 hours (Notes 3 and 4). During 
the addition of the alloy, the temperature of the mixture is kept 
at 60-70° and then is raised to approximately 95° where it is 
held for an additional 2-3 hours, with stirring. From time to 
time sufficient water is added to the reaction mixture to maintain 
approximately the original volume. The hot solution is filtered 
by decantation, and the nickel residue (Note 5) is washed with 
two 50-ml. portions of hot 2 % sodium hydroxide solution. The 
combined filtrates and washings are cooled and then immediately 
added slowly (Note 6 ), with good stirring, to 800 ml. of con- 
centrated hydrochloric acid (Note 7). The solution at this point 
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is strongly acid to Congo red paper (Note 8 ). The acidified solu- 
tion is cooled and thoroughly extracted with three 200 -ml. por- 
tions of ether (Note 9). The ether extracts are combined and 
washed once with 100 ml. of 10 % sodium chloride solution, the 
ether is evaporated, and the residue is fractionally distilled in a 
modified Claisen flask. The yield of 7 -w-propylbutyrolactone 
boiling at 84-85 75 mm., no 1.4385, is 13.0-14.9 g. (33-37%), 
while the yield of i3-(tetrahydrofuryl) -propionic acid boiling at 
123-12475 mm., Wd 1.4578, is 15.0-17.0 g. (34-39%) (Notes 10, 
11 ). 

2. Notes 

1 . Solid sodium hydroxide is used in order to take advantage 
of the heat of solution. If the mixture at this stage is allowed 
to cool, it will be necessary to heat the solution to 50-60° before 
the addition of the alloy is begun. 

2 . Some of the furylacrylic acid remains undissolved but goes 
into solution readily after the addition of the nickel-aluminum 
alloy is begun. 

3. If any excessive frothing occurs during the addition of the 
alloy, a few drops of octyl alcohol can be added from time to 
time. 

4. During the addition of the alloy, it is advantageous to stir 
the solution efficiently, the alloy being added in the vortex of the 
solution. If the addition of the alloy is made on the surface of 
the liquid, most of the hydrogen developed is lost without enter- 
ing into the reaction. 

5. The Raney nickel residue is quite active and will ignite if 
allowed to become dry. It may readily be disposed of by pouring 
into dilute mineral acid. This nickel residue is sufficiently active 
for various types of catalytic hydrogenations requiring the use 
of Raney nickel catalyst. 

6 . If the acidified mixture is allowed to become too hot, some 
of the material may be lost by steam distillation. 

7. The alkaline solution is added to the hydrochloric acid in 
the manner described, since the reverse order of addition usually 
results in the precipitation of aluminum salts which dissolve only 
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after considerable heating and stirring. The alkaline solution is 
added at such a rate that at no time is there any appreciable 
amount of solid present. 

8. If insufficient hydrochloric acid is used at this stage, alu- 
minum salts will precipitate and will make the ether extractions 
difficult because of the formation of emulsions. 

9. The acidified solution has also been extracted with ether 
in a continuous liquid-liquid extractor, this extraction requiring 
approximately 20 hours. Only slightly higher yields of the two 
products are obtained by this modification. 

10. According to the submitters an alternative procedure for 
the separation of 7-M-propylbutyrolactone and |3-(tetrahydro- 
furyl)-propionic acid is the following; 

The ether extracts, after washing with salt solution, are ex- 
tracted with one 100-ml. and two 50-ml. portions of 5% sodium 
carbonate solution. It is important that the ether solution be 
free of any mineral acid before the carbonate extractions are 
made. The residual ether solution, after being washed with 10% 
sodium chloride solution, is dried over sodium sulfate. The ether 
is removed by distillation, and the residue is distilled under 
reduced pressure. The yield of 7-w-propylbutyrolactone is 14.5 g. 
(36%), b.p. 78-80V2 mm. The combined sodium carbonate ex- 
tracts are acidified to Congo red paper with concentrated hydro- 
chloric acid and then thoroughly extracted with one 100-ml. and 
two 50-ml. portions of ether. The combined ether extracts are 
washed with 10% sodium chloride solution and dried; and, after 
the ether is removed by distillation, the residue is distilled under 
reduced pressure. The yield of j8-(tetrahydrofuryl)-propionic acid 
is 15.9 g. (36%), b.p. 118-12072 mm. 

11. The submitters have used this procedure for the reduction 
of /3-(a-thenoyl) -propionic acid^ from which co-hydroxycaprylic 
acid’ has been obtained in a yield of 38%, melting at 54-55°, 
and 5-»-propylvalerolactone in a yield of 31%, boiling at 116- 
117°/10 mm. 



PSEUDOTHIOHYDANTOIN 


71 


3. Methods of Preparation 

7 -«-Propylbutyrolactone has been obtained from 7 -bromo- 
enanthic acid on boiling with water/ from / 3 , 7 -hepteneoic acid 
and sulfuric acid/ and by distilling 7 -propylparaconic acid.® 
i3-(Tetrahydrofuryl)-propionic acid has been obtained from 
furylacrylic acid by catalytic reduction with platinum oxide/ 
with nickel on kieselguhr/ or with palladium black.® 


^ Org. Syntheses^ 25, 51 (1945). 

2 Fieser and Kennelly, J. Am. Chem. Soc.^ 57, 1615 (1935). 

* Chuit and Hausser, Helv. Chim. Acta^ 12, 466 (1929). 

Fittig and Schmidt, Ann.y 255, 80 (1889). 

6 Rupe, Ber.y 35, 4272 (1902). 

« Fittig, Ann.y 255, 76 (1889). 

^ Kaufmann and Adams, J. Am. Chem. Soc.y 45, 3042 (1923). 
® Burdick and Adkins, J. Am. Chem. Soc.y 56, 440 (1934). 

® Windaus and Dalmer, Ber.y 53, 2304 (1920). 


PSEUDOTHIOHYDANTOIN 
(4-Thiazolidone, 2-miino-) 


NH2 

I 

CICH2CO2C2H5 + HS— C=NH 
0 =C NH 


o=c- 


-NH 


CH2 C=NH.HC1^^^^ 

\ / 
s 


CH2 C=NH 

\/ 

S 


Submitted by C. F. H. Allen and J. A. VanAllan. 
Checked by H. R. Snyder and Frank X. Werber. 


1. Procedure 

In a 1-1. flask surmounted by a reflux condenser, 76 g. (1 mole) 
of thiourea, m.p. 174-176°, is dissolved in 500 ml. of 95% ethanol 
by refluxing for 10-15 minutes. Then 125 g. (108 ml., 1.02 moles) 
of ethyl chloroacetate is added slowly (15-20 minutes) through the 
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condenser while gentle refluxing is continued. After the mixture 
has been refluxed for 3 hours longer, it is allowed to cool to room 
temperature and the solid is filtered by suction on a 14-cm. 
Buchner funnel. The filtrate is used to rinse any solid adhering 
to the walls of the reaction flask onto the filter. The crude prod- 
uct is pressed down firmly and washed with 50 ml. of ethanol 
(Note 1). 

The crude hydrochloride is dissolved in 1200 ml. of hot, freshly 
boiled water (Note 2) in a 2-1. beaker, a boiling solution of 121 g. 
of sodium acetate trihydrate in 150 ml. of water is added, and the 
mixture is heated to boiling (Note 3). The resulting clear solu- 
tion is stored in the ice chest overnight. The crystalline pseudo- 
thiohydantoin is filtered and dried to constant weight at 60°. 
The product weighs 92-95 g. (79-82%). A reproducible decom- 
position point of 255-258° can be determined with the aid of a 
melting-point bar (Note 4). 


2. Notes 

1. The yield of the crude hydrochloride, dried to constant 
weight, is about 126 g.; the decomposition range is 210-255°. 

2. The water is boiled before use to expel dissolved oxygen, the 
presence of which in the solution may cause the final product to 
have a yellow color. 

3. Prolonged boiling should be avoided, as hydrolysis of the 
imino group occurs very easily. When sodium carbonate is sub- 
stituted for sodium acetate the yield drops 10%. 

4. The decomposition point as measured in the ordinary man- 
ner varies with the temperature of the bath at the time of the 
introduction of the sample. When the melting-point bath is 
heated so that the temperature rises by 2° per minute, a sample 
introduced just as the temperature reaches 200° develops an 
observable brown color at 206° and then darkens so rapidly that 
no liquid phase can be identified; if, under the same conditions, 
the sample is introduced when the bath temperature is 238° 
the decomposition begins immediately but a liquid phase can be 
recognized when the bath temperature is in the range 241-243°, 
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3. Methods of Preparation 

Pseudothiohydantoin has been obtained from thiourea and 
ethyl chloroacetate ‘ and from thiourea and chloroacetic or 
dichloroacetic acids.^ 

* Klason, Ber., 10 , 1352 (1877). 

^ Andreasch, Monatsh., 8, 424 (1887). 

* Schmidt, Arch. Pharm.^ 258, 229 (1920). 

* Dixon, J. Chem. Soc., 63, 816 (1893). 


RHODANINE 

S 

/ 

CS 2 + 2 NH 3 NH 4 SC— NH 2 

S CH 2 — s 

^ I I 

NH4SC— NH2 + ClCH2C02Na -4 0 =C C=S + NH4CI 

(DNa NH2 

CH2— S 

I I CH2 S 

0=c C==S + HCl ^ I I + NaCl + H2O 
I I 0 =C C==S 

ONa NH2 \ / 

N 

H 

Submitted by C. Ernest Redemann, Roland N. Icke, 
and Gordon A. Alles. 

Checked by H. R. Snyder and John H. Johnson. 

1. Procedure 

A. Ammonium dithiocarbamate. Gaseous ammonia is passed 
into 250 ml. of 95% ethanol (Note 1) contained in a 1-1. Erlen- 
meyer flask immersed in an ice bath until the gain in weight is 
39 g. (2.3 moles). To this solution, still cooled by the ice bath, 
is added a well-cooled mixture of 76 g. (60 ml., 1 mole) of carbon 
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disulfide and 200 ml. of ether. The flask is stoppered loosely 
(Note 2) and allowed to remain in the ice bath for 2 or 3 hours 
and then at room temperature overnight (Note 3). The mixture 
is again cooled in an ice bath or refrigerator, and the crystals are 
collected by filtration (hood!), sucked dry, and washed on the 
filter with two 50-ml. portions of ether. Air is drawn through the 
crystals for 5 minutes (Note 4) to effect removal of most of the 
ether. The product is used promptly without further treatment; 
the weight of the lemon-yellow solid varies between 80 and 90 g., 
depending principally on the completeness of the removal of the 
solvent. 

B. Rhodanine. Just before the filtration of the ammonium 
dithiocarbamate, a solution of sodium chloroacetate is prepared 
by dissolving 71 g. (0.75 mole) of chloroacetic acid in 150 ml. 
of water contained in a 1-1. wide-mouth round-bottomed flask 
and neutralizing the acid with 40 g. (0.38 mole) of anhydrous 
sodium carbonate (or an equivalent amount of the hydrate) while 
stirring the solution mechanically. This solution is cooled in an 
ice bath, and the ammonium dithiocarbamate from the preced- 
ing preparation is added during 5 minutes with continual stirring. 
As soon as the first portion of ammonium dithiocarbamate is 
added the solution becomes very dark in color. After all the 
dithiocarbamate has been added the ice bath is removed and 
stirring is discontinued. The solution is allowed to stand for 
20-30 minutes longer, during which time the color changes to a 
clear yellow. In a 1-1. beaker 400 ml. of 6 A hydrochloric acid 
is heated to boiling, and the above solution (Note 5) is poured 
slowly with stirring into the hot acid. Heating is continued until 
the solution has attained a temperature of 90-95°, after which 
the solution is allowed to cool slowly to room temperature. 
The rhodanine separates as nearly colorless long blades which 
are collected by filtration, washed well with water, and dried. 
The product weighs 83-89 g. (83-89%, based on the chloroacetic 
acid), and melts at 167-168°. Recrystallization from boiling 
glacial acetic acid (2 ml. per gram) raises the melting point to 
168-168.5° (Note 6); the recovery, without reworking of the 
mother liquor, is 87%. 
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2. Notes 

1 . Absolute ethanol is satisfactory. Methanol may be used, 
but ammonium dithiocarbamate is much more soluble in methanol 
than in ethanol and the recovery will be lower. 

2. The flask should be stoppered loosely to retard the escape 
of ammonia. It is not wise to stopper it tightly, as some gas is 
evolved and pressure may develop. Hydrogen sulfide is present 
in the gases evolved. 

3. The success of the preparation depends upon securing 
ammonium dithiocarbamate of good quality. Although much 
solid sometimes separates within 1 or 2 hours, it contains a large 
amount of the very unstable ammonium trithiocarbamate.^ 
After prolonged standing, the solid is nearly pure ammonium 
dithiocarbamate. 

4. Ammonium dithiocarbamate is relatively unstable, and no 
attempt should be made to dry the compound thoroughly before 
use. 

5. If this solution is not clear and free from solid impurities 
it should be filtered before addition to the acid. 

6. The melting points observed with the aid of a hot-stage 
microscope are slightly higher — 170-170.5° for the unrecrystal- 
lized material, and 170.5-171° for the purified product. Although 
rhodanine usually is described in the literature as melting with 
decomposition, the checkers observed no evidence of decomposi- 
tion during melting under the microscope and found the melting 
point unchanged when molten samples in ordinary melting-point 
tubes were cooled and remelted. 

3. Methods of Preparation 

Rhodanine has been prepared by the reaction of chloroacetic 
acid with ammonium thiocyanate; ^ by the action of ethyl chloro- 
acetate upon ammonium dithiocarbamate in the presence of 
alcohol and hydrogen chloride;® by saturating a solution of 
thioglycolic acid and potassium thiocyanate in absolute alcohol 
with hydrogen chloride;^ by ring closure of thiocarbamylthio- 
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glycolic acid in various ways.® • ® ^ The present method of prepara- 
tion is adapted from that of Julian and Sturgis."^ 

^ Miller, Contrih. Boyce Thompson Inst.j 5, 31 (1933). 

2 Nencki, J. prakt, Chem.^ (2) 16, 2 (1877). 

3 Miolati, Ann.^ 262, 85 (1891). 

^ Fredyl, Monatsh., 10, 82 (1889). 

®Holmberg, Ber., 39, 3069 (1906); /. prakL Chem., (2) 79, 261, 265 (1909). 

® Granacher, Helv. Chim. Acta^ 5, 152 (1920). 

^Julian and Sturgis, /. Am, Chem. Soc., 57, 1126 (1935). 


STEAROLIC ACID 

CH3(CH2)7CH=CH(CH2)7C02CH3 + Br 2 

CHa (CH2)7CHBrCHBr (CH2) 7CO2CH3 

CH3(CH2)7CHBrCHBr(CH2)7C02CH3 + 3KOH 

CH3(CH2)7C=C(CH2)7C02K + CH3OH + 2KBr + 2H2O 

CH3(CH2)7C=C(CH2)7C02K + HCl 

CH3(CH2)7C^C(CH2)7C02H + KCl 

Submitted by Homer Adkins and R. E. Burks, Jr, 
Checked by Arthur C. Cope and Harold R. Nace. 


1. Procedure 

Bromine is added dropwise with stirring to 35 g. (0.118 mole) 
of methyl oleate (Note 1) in a 500-ml. round-bottomed flask. 
The mixture is kept below 50° throughout the addition, which is 
continued until a slight excess of bromine is present; approxi- 
mately the theoretical amount (18.9 g.) is decolorized. Methyl 
oleate (2 or 3 drops) is then added until the bromine color just 
disappears. i^-Amyl alcohol (50 ml.) (Note 2) and potassium 
hydroxide pellets (40 g., 0.61 mole assuming 85% purity) are 
added to the flask, and the mixture is heated under reflux for 
4 hours in an oil bath at 150°. Then approximately 50 ml. of the 
w-amyl alcohol is distilled at atmospheric pressure (Note 3). 
The residue on cooling solidifies into a tan-colored mass. Phe- 
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nolphthalein is added as an indicator, the mixture is cooled in 
an ice bath, and concentrated hydrochloric acid is added in por- 
tions until the red color disappears but reappears on stirring of 
the viscous mass. This process is continued until the mixture 
remains colorless. Water (approximately 200 ml.) is added, and 
the mixture is allowed to come to room temperature. Concen- 
trated hydrochloric acid is added until the mixture is acid to 
methyl orange. The mixture is again cooled in an ice bath; the 
oily layer solidifies into a wax, and the acidic water solution is 
decanted. The wax is dissolved in 100 ml. of 95% ethanol at 
room temperature, and water is added until the solution becomes 
turbid. The mixture is heated on a steam bath until a clear 
solution is formed, and then it is cooled in an ice bath and stirred 
while the product crystallizes. The semisolid mass is filtered, 
and the product is recrystallized three times from an alcohol- 
water mixture. After drying in a vacuum desiccator the yield 
is 11-14 g. (33-42%), m.p. 46-46.5°; neutral equivalent 279.7- 
281.4 (calcd. 280.4); hydrogen absorbed by catalytic reduction 
94r-100%. 

2. Notes 

1. The methyl oleate was prepared by esterification ^ of com- 
mercial U.S.P. grade oleic acid and fractionated through a Widmer 
column. The fractions used boiled at 140-144° (0.5 mm.), 
175-179° (2 mm.), and had 1.4500-1.4527 and an iodine 
number of 93-97 (calcd. 85.6) by iodine bromide titration.* 

2. w-Amyl alcohol was selected as a solvent with a convenient 
boiling point for the dehydrohalogenation. Acetylenic triple 
bonds are attacked by water in the presence of strong alkali or 
strong acid. 

3. Part of the dehydrohalogenation occurs during the distilla- 
tion of M-amyl alcohol at atmospheric pressure. If the solution 
was concentrated by distillation under reduced pressure, the 
product contained bromine and failed to crystallize. 



78 


ORGANIC SYNTHESES 


3. Methods of Preparation 

Stearolic acid has been prepared by the dehydrohalogenation 
of brominated olive or almond oil,® dibromostearic acid,^ or 
dichlorostearic acid.® The procedure described is a modification 
of one used by Kino.^ 

^ Skraup and Schwamberger, Ann.^ 462, 155 (1928). 

*Maliin, Quantitative Analysis^ 4th ed., pp. 416-420, McGraw-Hill Book Co., 
New York, 1932. 

* Hoffmann-La Roche, Ger. pat. 243,582 [Chem. Zentr.y 1912, 1, 695]. 

* Kino, /. Soc. Chem. Ind. Japan, 32, 187 (1929) [C. A. 24, 1998 (1930)]. 
®Inoue and Suzuki, Proc. Imp. Acad. Tokyo, 7, 261 (1931) [C. A., 26, 87 

(1932)]. 


TETRAIODOPHTHALIC ANHYDRIDE 
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Submitted by C. F. H. Allen, Homer W. J. Cressman, 
and H. B. Johnson. 

Checked by H. R. Snyder and E. Van Heyningen. 


1. Procedure 

In a 3-1. three-necked flask with ground-glass joints are placed 
148 g. (1.0 mole) of phthalic anhydride, 324 g. (60% of the total 
of 2.12 moles to be added) of iodine, and 600 ml. of 60% fuming 
sulfuric acid. The flask, fitted with an air condenser 90 to 100 
cm. in length (Note 1), is arranged for heating by a water bath. 
A tube leads from the condenser to a gas trap.‘ 
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The temperature of the water bath is raised cautiously to 
45-50^, at which point the reaction begins (Note 2). Heating is 
continued until visible reaction has almost completely stopped. 
During this time (Note 3), the temperature has been raised 
gradually to 65°. The flask is then cooled by flooding the bath 
with ice water, and a second portion, 162 g. (30% of the total), 
of iodine is added. The flask is heated again at 65° until the 
reaction ceases. After cooling as before, the last portion, 54 g. 
(10% of the total), of iodine is added. 

When reaction at 65° has ceased and the flask has been cooled, 
the condenser is removed, and the flask is arranged for heating on 
an oil bath in a well- ventilated area (Note 4). The temperature 
of the bath is raised to 175° and maintained at 170-180° until 
the evolution of sulfur trioxide and iodine fumes has slowed 
considerably (about 2 hours at 170°). The flask is allowed to 
cool to about 60° before the contents are poured into a beaker, 
which is allowed to stand overnight at room temperature. 

The solid is filtered by suction on a glass filter cloth and is 
washed with two 100-ml. portions of concentrated sulfuric acid 
and then with three 200-ml. portions of water (Note 5). The 
light yellow crystalline material is then transferred to a 3-1. 
beaker where it is stirred for 30 minutes with a solution of 20 g. 
of sodium bisulfite in 1500 ml. of water to remove the last traces 
of iodine. The heavy solid is allowed to settle to the bottom of 
the beaker, and the bisulfite solution is poured off. The crystals 
are washed with three 1-1. portions of water, each portion being 
decanted as before (Note 6), and then are transferred to a funnel. 
The product is washed with an additional 1-1. portion of water 
and two 200-ml. portions of acetone and dried in an oven at 60°. 
The product amounts to 520-535 g. (80-82% based on the 
phthalic anhydride) (Notes 7 and 8) and melts at 327-328° 
(Note 9). 

2. Notes 

1. A water-cooled condenser maintained at 20-25° may be 
used. 

2. Temporary cooling by cold water may be necessary to keep 
the reaction in check. It must be closed watched at this stage. 
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3. The lengths of the periods of heating are approximately 5, 
3, and 1 hour, respectively. In a run of one-half the size de- 
scribed, the checkers found the periods required to be about 4, 
1.5, and 1 hour, respectively. 

4. This operation is carried on most conveniently out-of-doors. 
For the 0.5-mole run, the checkers fitted the flask to the gas trap 
with a U-tube of 2-cm. bore, having a ground-glass joint for the 
connection to the flask. The large-diameter tube permitted the 
operation to be carried out in a hood with no danger of clogging 
of the apparatus by sublimed iodine. 

5. This method of working up the product is superior to the 
usual one of pouring on ice in that a purer material is obtained 
and a difficult recrystallization is thus avoided. 

6. Some impurities tend to float and are removed with the 
wash water. 

7. It was observed that sunlight or illumination by a photo- 
flood lamp tended to make the reaction more vigorous but did not 
produce any significant increase in yield. 

8. Yields of the same order were obtained starting with 0.5, 
1.0, and 10.0 moles of phthalic anhydride. In the runs with 10.0 
moles of phthalic anhydride, a greater excess of iodine was found 
necessary; i.e., the weights of iodine added were 3240 g., 1620 g., 
540 g., 500 g., 300 g. The length of the heating periods were 
approximately 72, 48, 24, 24, and 12 hours, respectively. 

9. The melting point may vary from 325® to 332® but usually 
falls within a two-degree range. No suitable solvent for recrystal- 
lization has been found. The recrystallized product always has 
a lower melting point than the original material. 

3. Methods of Preparation 

The method given is the only satisfactory one so far re- 
ported.^'^’'*'® 

1 Org. Syntheses Coll. Vol. 2, 4 (1943). 

* Juvalta, Ger. pat. 50, 177 [FrdL, 2, 94 (1887-1890)]. 

* Rupp, Ber., 29, 1634 (1896). 

* Pratt and Shupp, /. Am. Chem. Soc., 40, 254 (1918). 

* Perkins and Quimba, Am. J. Pharm., 106, 467-473 (1934). 
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m-THIOCRESOL 
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Submitted by D. S. Tarbell and D. K. Fukushima. 
Checked by C. F. 11. Allen and John R. Byers, Jr. 


1. Procedure 

All the steps in this preparation^ including sealing the product 
in bottles or ampoules^ should be carried out under a good hood. 
Care should be exercised to avoid contact with m-thiocresol or its 
solutions since it is a skin irritant. 

In a 1-1. flask, equipped with a mechanical stirrer and ther- 
mometer for reading low temperatures, and immersed in an ice 
bath, are placed 150 ml. of concentrated hydrochloric acid 
(sp. gr. 1.18) and 150 g. of crushed ice. The stirrer is started, 
and 80 g. (0.75 mole) of m-toluidine (b.p. 92-93 mm.) is 
slowly added. The mixture is cooled to 0°, and a cold solution 
of 55 g. ( 0.8 mole) of sodium nitrite in 125 ml. of water is slowly 
added, the temperature being kept below 4°. 

In a 2-1. flask equipped with a thermometer, dropping funnel, 
and stirrer is placed a solution of 140 g. of potassium ethyl 
xanthate (Note 1) in 180 ml. of water. This mixture is warmed 
to 40-45° and kept in that range during the slow addition of the 
cold diazonium solution (Note 2); about 2 hours is required 
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(Note 3). After an additional 30 minutes at this temperature to 
ensure complete decomposition of the intermediate compound, 
the red, oily m-tolyl ethyl xanthate is separated and the aqueous 
layer is extracted twice, using 100-ml. portions of ether. The 
combined oil and extracts are washed once with 100 ml. of 10% 
sodium hydroxide solution (Note 4) and then with several por- 
tions of water until the washings are neutral to litmus. The ether 
solution is dried over 25 g. of anhydrous calcium chloride, and the 
ether is removed by distillation. The crude residual w-tolyl 
ethyl xanthate is dissolved in 500 ml. of 95% ethanol, the solu- 
tion brought to boiling, and the source of heat removed. To this 
hot solution is added slowly 175 g. of potassium hydroxide pellets 
so that the solution keeps boiling, and the mixture is refluxed 
until a sample is completely soluble in water (about 8 hours). 
Approximately 400 ml. of alcohol is then removed by distillation 
on a steam bath, and the residue is taken up in the minimum of 
water (about 500 ml.). The aqueous solution is extracted with 
three 100-ml. portions of ether, the extract being discarded. 
The aqueous solution is now made strongly acid to Congo red 
paper, using 6 N sulfuric acid (Note 5) (625-650 ml.). The acidi- 
fied solution is placed in a 3-1. flask, 2 g. of zinc dust is added, 
and the w-thiocresol is distilled with steam. The lower layer of 
the w-thiocresol is separated; the aqueous layer is extracted with 
three 100-ml. portions of ether, the extracts being added to the 
oil. After drying with 50 g. of Drierite, the ether is removed by 
distillation, and the oily residue is distilled under reduced pres- 
sure. The yield of colorless w-thiocresol, b.p. 90-93 V25 mm., 
is 59-69 g. (63-75%) (Notes 6 and 7). It is best preserved in 
sealed glass bottles because of its disagreeable odor. 

2. Notes 

1. Eastman Kodak Company technical potassium ethyl 
xanthate was used. 

2. The diazonium solution is left in the ice bath, and only 
10 to 15-ml. portions are placed in the dropping funnel at one 
time. 
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3. Many diazonium solutions have been reported to react 
explosively with solutions of metallic polysulfides even at low 
temperatures.^ A violent reaction with xanthates is mentioned 
only in one report.^ Neither the authors nor the checkers ob- 
served any unusual reactivity during this preparation or with the 
procedure given for dithiosalicylic acid.^ On a large scale (100 
moles of w-toluidine) flashes of light have been occasionally ob- 
served (private communication, L. J. Roll). 

4. This wash serves to remove any m-cresol present. 

5. This acidification liberates carbon oxysulfide, which has a 
very disagreeable odor. 

6. The refractive index is 1.568-1.571. 

7. Other boiling points are 195V760 mm.; 120Vl0fl mm.; 
107 V50 mm. 

3. Methods of Preparation 

The only practical laboratory procedure for preparing 
w-thiocresol is by the alkaline hydrolysis of w-tolyl ethyl 
xanthate, obtained from w-toluenediazonium chloride and 
potassium ethyl xanthate.^* The procedure described is essen- 
tially that of Bourgeois.^ 

^ Nawiasky, ICbersole, and Werner, Chern. Eng. News, 23, 1247 (1945). 

^ Hodgson, Chemistry Industry, 1945, 362. 

^ Leuckart, J. prakt. Chem., [2] 41, 189 (1890). 

4 Org. Syntheses Coll. Vol. 2, 580 (1943). 

^ Bourgeois, Rec. trav. chim., 18, 447 (1899). 
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Submitted by Harold E. Zaugg and Richard T. Rap ala. 
Checked by R. L. Shriner and Curtis M. Snow. 


1. Procedure 

In a 5-1. round-bottomed flask are placed 1.6 1. of water 
800 ml. of concentrated nitric acid (sp. gr. 1.42), and 400 ml 
(364 g.; 3 moles) of commercial 90% o-xy\ene (Note 1). A reflu> 
condenser (40 cm. or longer) is fitted to the flask with a cork, anc 
a gas absorption trap ^ is attached to the top of the condenser 
The mixture is refluxed by heating in an oil bath kept betweer 
145° and 155° for 55 hours (Note 2). At the end of this time the 
organic layer has settled to the bottom of the flask. The hoi 
reaction mixture is poured with stirring into 1 kg. of ice in a 4-1 
beaker. After cooling, the solid product is filtered, suspended ir 
2 1. of cold water, and filtered again. The wet product is dis- 
solved by warming in 1 1. of 10% sodium hydroxide solution 
After cooling, any unreacted xylene is separated by extractior 
with 250 ml. of ether. The aqueous layer is then heated on the 
steam bath with 5-10 g. of Norite and filtered hot with suctior 
through a layer of Norite. The warm, clear red alkaline solution 
is added with vigorous mechanical stirring to 225 ml. of con- 
centrated hydrochloric acid. The product is filtered from the 
warm solution, washed with cold water, and sucked as dry 
as possible on a Buchner funnel (Note 3). 

The crude product is dissolved in 350 ml. of 95% ethanol and 
heated on the steam bath with 5 g. of Darco for 1 hour. The hoi 
solution is filtered by gravity through a heated funnel. The filtei 
paper is heated with an additional 70-ml. portion of 95% ethanol 
and the mixture is filtered hot through a fresh paper, into the main 
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solution. To the alcoholic solution, adjusted to a temperature of 
55-60°, is added 480 ml. of warm (55-60°) water. After being 
cooled first to room temperature and then to ice-bath tempera- 
ture, the crystallized product is filtered, washed with 250 ml. of 
cold 50% ethanol, and dried (Note 4). The yield of light tan 
product melting at 99-101° amounts to 218-225 g. (53-55%) 
(Notes 5 and 6). 

2. Notes 

1. The o-xylene (90-92% purity) may be obtained from the 
Barrett Division of the Allied Chemical and Dye Corporation, 
40 Rector Street, New York 6, New York. 

2. It is not necessary that this heatmg be continuous. Longer 
times of refluxing or mechanical stirring do not improve the 
yield. 

3. The crude product after air drying for 24-30 hours weighs 
between 250 g. and 300 g. and melts at 94-98°. 

4. If the humidity is low, the product may be air dried; 
otherwise, it is best to dry in a vacuum desiccator overnight at 
room temperature. o-Toluic acid sublimes at higher tempera- 
tures. 

5. The yield depends on the o-xylene content of the starting 
material. The yields stated are based on 90% o-xylene. 

6. This product is pure enough for most purposes. Pure 
white needles of o-toluic acid may be obtained by recrystalliza- 
tion from water (2 1. of water for 20 g. of acid), Darco being used 
for decolorization. The recovery is about 85% of white needles 
melting at 101-103°. 

3. Methods of Preparation 

References to methods of preparation are given in earlier 
volumes.* 

* Org. Syntheses Coll. Vol. 2, 4 (1943). 

»Org. Syntheses, 11, 97, (1931); Coll. Vol. 2, 589 (1943). 
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Submitted by W. F. Tuley and C. S. Marvel. 
Checked by H. T. Clarke and D. Blumentiial 


1. Procedure 

In a 5-1. round-bottomed flask are mixed 2.7 1. of water and 
750 ml. of concentrated nitric acid (sp. gr. 1.42). The flask is 
fitted with an efficient stirrer (Note 1) and a reflux condenser 
whose outlet is connected with a trap to remove oxides of nitro- 
gen. One hundred and five grams (125 ml., 0.78 mole) of 
^-cymene (Note 2 ) is added, the stirrer is started, and the reac- 
tion mixture is boiled gently for 8 hours. It is then allowed to 
cool, and the solid which crystallizes is collected on a hardened 
filter paper in a Buchner funnel (Note 3). The crude product 
(Note 4) is washed with 200 ml. of water in small portions and 
then dissolved in 850 ml. of 1 TV sodium hydroxide. The alkaline 
solution is placed in a 2-1. flask with 20 g. of zinc dust (Note 5) 
and distilled until the distillate runs clear (Note 6 ). The undis- 
solved zinc is removed by filtration, and the yellowish filtrate 
is poured in a thin stream with vigorous stirring into 500 ml. 
of boiling 5 N hydrochloric acid. After cooling, the precipitated 
acid is filtered, washed with cold water until substantially free 
of chloride, and dried. About 80 g. of a light brown powder is 
thus obtained. 

The product is extracted for 6 hours with 300 ml. of toluene 
in the apparatus described in a previous volume^ (Note 7). 
The toluene extract is chilled to 0 °, and the light brown crystals 
of ^-toluic acid are filtered. This material weighs 56-58 g.; an 
additional 5 g. is obtained by concentrating the filtrate to 100 ml. 
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The total yield of product melting at 174-177® is 60-63 g. 
(56-59%). The acid may be purified further with very little 
loss by dissolving it in 0.5 N sodium hydroxide, treating the 
solution with Norite, precipitating the acid by pouring the 
alkaline solution into excess hot hydrochloric acid, and recrystal- 
lizing the product from toluene (Note 8). The purified ^-toluic 
acid melts at 176-177® and weighs about 55 g. (51%). 

2. Notes 

1. A stirrer of the tubular type, running in a bearing con- 
sisting of a glass tube which extends well below the surface of 
the liquid, is recommended. 

2. The fraction of spruce turpentine which boils at 175-178® 
is satisfactory. 

3. The filtrate contains too little dissolved product (about 
4 g.) to repay extraction. It can be employed for a subsequent 
run by adding sufficient concentrated nitric acid {ca. 300 ml.) 
to restore the specific gravity to its initial value, 1.115. 

4. The crude product consists of ^-toluic acid contaminated 
with small amounts of terephthalic acid, methyl />-tolyl ketone, 
and nitration products. 

5. The zinc serves to reduce nitration products that are 
otherwise difficult to remove. The resulting amines remain in 
the filtrate after acidification. 

6. About 300 ml. of distillate is collected, of which 5 ml. con- 
sists of methyl ^-tolyl ketone. 

7. About 4 g. of light tan terephthalic acid remains on the 
filter paper. 

8. The last traces of color are removed only with considerable 
difficulty by Norite. An alternative procedure consists in distil- 
ling the toluic acid under reduced pressure from a two-bulbed 
flask with a wide connecting tube ^ and crystallizing the distillate 
from toluene. 

3. Methods of Preparation 

^-Toluic acid has been prepared by the oxidation of cymene,® 
^-xylene, ^ or dihydro-^-tolualdehyde ® with nitric acid; by the 
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reaction between /^-chlorotoluene and metallic sodium ® or butyl- 
lithium ^ followed by carbonation; by the hydrolysis of ^-tolu- 
nitrile; ® and by fusing phenyl ^-tolyl ketone or di-/?-tolyl ketone 
with potassium hydroxide.® 

1 Org. Syntheses Coll. Vol. 1, 375 (1941). 

* Org. Syntheses j 20, 20 (1940). 

»Noad, Anw., 63, 287 (1847). 

^ Yssel de Schepper and Bcilstein, Ann.^ 137, 302 (1866). 

® Allen, Ball, and Young, Can. J. Research^ 9, 169 (1933). 

® Morton, LeFevre, and Hechenbleikner, J. Am. Chem. Soc., 58, 754 (1936). 

^ Gilman, Wright, and Moore, /. Am. Chem. Soc., 62, 2330 (1940). 

8 Org. Syntheses Coll. Vol. 2, 589 (1943). 

® Kozlov, Fedoseev, and Lazarev, J. Gen. Chem. U.S.S.R., 6, 485 (1936) [C. A., 
30, 5574 (1936)]. 
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Submitted by C. F. H. Allen and J. A. VanAllan. 
Checked by R. L. Shriner and Charles R. Russell. 


1. Procedure 

In a 500-ml. three-necked round-bottomed flask, fitted with 
a stirrer, thermometer, and 2S0-ml. dropping funnel, are placed 
19 ml. of water and 27.8 ml. (O.S mole) of concentrated sulfuric 
acid (sp. gr. 1.84), and the whole is warmed to 70°. From the 
dropping funnel is added, dropwise, over a 0.5-hour period, 
53.5 g. (0.5 mole) of o-toluidine (Note 1). The temperature is 
allowed to reach about 85° in order to prevent the separation of 
solid before all the amine has been added. When addition is 
complete, the temperature is raised to 100-105° for 5 minutes. 
The flask is then placed on a steam bath, the stirrer and dropping 
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funnel are removed, and the flask is evacuated by means of a 
water pump to about 15 mm. (Note 2); after 21 hours all the 
water has been removed. The flask is then immersed in an oil 
bath, and the internal temperature is raised to 180° over a period 
of 2 hours and kept at 180-195° (bath temperature about 
190-205°) for 7 hours while the same diminished pressure is 
maintained (Note 3). The crude product is dissolved in 1.3 1. 
of boiling water, and 99 g. of barium hydroxide octahydrate is 
added with stirring; the solution is now alkaline to litmus. 
After the addition of 3 g. of Norite, the solution is heated for 
1.5 hours on a steam bath, and 17.5 ml. of concentrated sulfuric 
acid (sp. gr. 1.84) diluted with 20 ml. of water is added with 
good stirring. The solution is heated to 96° and filtered through 
a large, preheated Buchner funnel; the filter cake is rinsed with 
100 ml. of boiling water (Note 4). 

The filtrate is transferred to a 3-1. round-bottomed flask and 
concentrated under a pressure of about 50 mm. to a volume of 
200 ml. (Note 5). After the mixture has been chilled overnight 
in a refrigerator, the crystalline acid (68-74 g.) is filtered by suc- 
tion and dried (Note 6). An additional small amount (5-8 g.) 
can be obtained by evaporating the filtrate to dryness. This 
residue is allowed to remain in contact with 75 ml. of methanol 
for about an hour with occasional shaking. The solid is filtered, 
dried, and weighed. The total yield of (?-toluidinesulfonic acid 
is 74-79 g. (79-83%) (Notes 7 and 8). 

2. Notes 

1. The amine used should boil over a range of not more than 

2 °. 

2. If time is an important consideration, and a smaller yield 
(60%) is acceptable, the procedure may be modified: the acid 
sulfate is heated for 1 hour under reduced pressure; the tempera- 
ture is then raised to 180° for 1 hour and finally to 180-190° for 
3 hours. The solid residue is taken up in 1 1. of hot water and 
55 ml. of 40% sodium hydroxide, a small amount of unchanged 
amine is distilled with steam, and the clear solution is treated with 
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Norite and filtered as above. The acid is then precipitated by 
adding 65 ml. of concentrated hydrochloric acid. 

3. During this time the amine acid sulfate melts and loses 
water, and the product solidifies to a white crystalline mass. 

4. Low yields may result from crystallization of some of the 
acid in the funnel at this point if the funnel is preheated insuffi- 
ciently. Some acid may also be lost in the large bulk of inorganic 
solid. Filtration through the finely divided filter cake is often 
so slow that the under side and stem of the funnel collect large 
amounts of crystalline acid which is not rinsed out by the 100 ml. 
of boiling water. The use of a steam-heated Buchner funnel or 
prolonged preheating of an ordinary BUchner funnel does not 
seem to minimize this effect. It is advisable to remove the funnel 
after filtration is complete, and to take out the filter cake and 
rinse the funnel with two 100-ml. portions of boiling water. The 
combined washings are heated to boiling and filtered, and the 
filtrate is added to that obtained in the original filtration. 

5. The flask should be equipped with a still head to prevent 
carry-over of the solution during distillation; a capillary jet is 
also an aid in this evaporation. Much of the acid separates during 
this concentration; the crystals are easily filterable. 

6. The acid was spread out on a large filter paper and dried 
above a steam radiator for 48 hours. The literature reports the 
acid to be a monohydrate which loses its water of crystallization 
by drying at 120° for 3 hours. However, titration of the air- 
dried acid showed that it was not hydrated. A sample of the 
acid heated to 120° for 3 hours showed no change in neutral 
equivalent. 

7. This aminosulfonic acid has no definite melting point. On 
a Maquenne block a decomposition range of 335-380° was 
observed. 

8. The product secured by this procedure is free from sodium 
sulfate and isomeric sulfonic acids. Titrations of the first crop of 
crystals gave neutral equivalents ranging from 187.0 to 187.6; the 
calculated neutral equivalent is 187.2. The second crop is less 
pure since it had a neutral equivalent of about 177. 
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3. Methods of Preparation 

o-Toluidinesulfonic acid has been obtained by a variety of 
reactions. Of these the ones of preparative value are the sul- 
fonation of 6?-toluidine by fuming sulfuric acid; the rearrange- 
ment of the amine sulfate or acid sulfate; ® and the reduction of 
the corresponding nitrotoluenesulfonic acid.® The above pro- 
cedure is based on the directions of Huber,® who has described 
the preparation of ten aminoarylsulfonic acids by this method. 

1 Gerver, Ann., 169, 374 (1873). 

2 Claus and Immel, Ann., 265, 72 (1891). 

3 Schultz and Lucas, J. Am. Chem. Soc., 49, 299 (1927). 

^ Neville and Winther, Ber., 13, 1941 (1880). 

® Huber, Eelv. Chim. Acta, 15, 1372 (1932). 

« Foth, Ann., 230, 306 (1885). 


1,3,6-TRIACETYLBENZENE 
(Benzene, 1,3,6-triacetyl) 

HCO2C2H5 + CH3COCH3 -t- NaOC2H5 

CH3COCH=CH(ONa) + 2C2H5OH 

3 CH3COCH=CH(ONa) + 3CH3CO2H 

COCH3 

+ 3CH3C02Na + 3 H 2 O 

Submitted by Robert L. Frank and Robert H. Varland. 
Checked by Arthur C. Cope and W. H. Jones. 




CH3Cd^COCH3 


1. Procedure 

Sixty-nine grams ( 3.0 gram atoms) of freshly cut sodium is 
placed in a 1 - 1 . round-bottomed flask with 400 ml. of dry xylene 
(Note 1 ) and heated until all the sodium is melted. The flask 
is closed with a rubber stopper and shaken vigorously to form 
finely powdered sodium (Note 2). When cool, the contents are 
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transferred to a 5-1. three-necked round-bottomed flask, and the 
xylene is decanted. The powdered sodium is then washed with 
two 100-ml. portions of anhydrous ether by decantation, after 
which 1 1. of anhydrous ether is added. The flask is placed on a 
steam bath and fitted with a Hershberg stirrer, an upright con- 
denser, and A 500-ml. dropping funnel. The condenser and funnel 
are protected from moisture by calcium chloride tubes. Through 
the dropping funnel is then added with stirring 138 g. (175 ml., 
3.0 moles) of absolute alcohol at such a rate that gentle refluxing 
occurs. The mixture is refluxed and stirred for 6 hours after the 
addition is complete. 

The reaction mixture is diluted with 1.5 1. of anhydrous ether, 
and a mixture of 174 g. (220 ml., 3.0 moles) of acetone (Note 3) 
and 222 g. (241 ml., 3.0 moles) of ethyl formate (Note 4) is 
placed in the dropping funnel and added to the flask over a 
period of 2 hours. Stirring is continued for 2 hours after the 
acetone and ethyl formate have been added (Note 5). 

The reaction mixture is then rapidly extracted with five 1-1. 
portions of water (Note 6). Acetic acid is added to the water 
solution until it is acid to litmus. The acidified solution is 
warmed to 50° on a steam bath and maintained at approximately 
that temperature for 2 hours. It is subsequently allowed to stand 
at room temperature for 48 hours, during which time the tri- 
acetylbenzene crystallizes. 

The crude yellow crystalline solid (m.p. in the range 150-162°) 
is collected on a filter; the yield is 84-94 g. (41-46%). It is 
recrystallized by dissolving in hot alcohol (18 ml. of alcohol per 
gram), adding 2 g. of Norite, filtering through a steam-heated 
funnel (Note 7), and cooling the filtrate in an ice bath. The yield 
of shiny white crystals, m.p. 162-163°, is 62-79 g. (30-38%) 
(Note 8). 

2. Notes 

1. The first portion of this synthesis is very similar to the 
preparation of acetylacetone by the method of Adkins and 
Rainey.^ The procedure and Notes 1-6 and 8 for that synthesis 
may therefore be helpful in the present preparation. 
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2. A more finely powdered sodium can be obtained if parafl&n 
oil (^^Stanolind’O is used in place of xylene (Gilbert Ashburn, 
private communication). 

3. Acetone dried over calcium sulfate and distilled from phos- 
phorus pentoxide is satisfactory. 

4. The ethyl formate is dried over calcium sulfate and dis- 
tilled. 

5. If the solution becomes so thick as to make stirring diffi- 
cult, it is advisable to add more anhydrous ether. 

6. It is important that the extraction and acidification be 
carried out without delay. Oxidation of the intermediate product 
takes place readily on exposure to air and causes the solution to 
become dark in color. 

7. If a steam-heated funnel is not used, a larger volume of 
alcohol should be employed to prevent crystallization during 
filtration. 

8. The higher yield (38%) was obtained if the commercial 
absolute alcohol was dried by treatment with sodium and ethyl 
phthalate.2 

3. Method of Preparation 

Triace tylbenzene has been prepared only by the condensa- 
tion of acetone with ethyl formate followed by the trimerization 
of the intermediate acetylacetaldehyde.^*'* 

1 Org. Syntheses, 20, 7 (1940). 

2 Org. Syntheses Coll. Vol. 2, 155 (1943). 

* Claisen and Stylos, Ber., 21, 1145 (1888). 

^ Kaushal, Sovani, and Deshapande, J. Indian Chem. Soc., 19, 107 (1942). 
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{This cumulative index comprises material from Volumes 20 through 21 of this 
series; for previous volumes see Collective Volumes 1 and 2.) 

Names in small capital letters refer to the titles of individual preparations. A number in 
ordinary bold-face type denotes the volume. A number in bold-face italics refers to a page 
which gives preparative directions for substances formed either as principal products or as 
by-products; numbers in ordinary type indicate pages on which a compound or a subject is 
mentioned in connection with other preparations. For example, Acetone cyanohydrin, 20 , 42, 
43 f indicates that acetone cyanohydrin is mentioned on page 42, and that directions for its 
preparation are given in detail on page 43, of Volume 20. 


Absorbent cotton, 20, 8, 9 
Acenaphthene, 20, 1; 21, 1, 2; 24, 1 
Acenaphthenequinone, 24 , 1 
Acenaphthenol-7, 21, i 
Acenaphthenol acetate, 21 , 1 
Acenaphthenone, 21, 3 
^-3-Acenaphthenylcarbonylpropi- 
ONIC ACID, 20, 1 

/3-(1-AcENAPHTHOYL) -PROPIONIC ACID, 

20, 4 

/3- (3- Acenaphthoyl) -propionic acid, 

20 , 1 

Acetal, 23, 8; 26, 1 

ethyl formate method, 26, 93 
Acetaldehyde, 23, 61, 84; 24, 62; 27, 24 
Acetaldehyde, amino-, diethyl ace- 
tal, 24, 3 

Acetaldehyde, bromo-, diethyl ace- 
tal, 23, 8; 24, 3 
Acetamide, 26, 36 

/>-Acetaminobenzenesulfinate, sodi- 
um, 22, 31 

a- Ace tammo-3 ,4-me thy lenedioxy cin- 
namic acid, 22, 93 
Acetanilide, a-BENZOYL, 26, 7 
Acetic acid, 22, 57, 87; 23, 37; 24, 76 
Acetic acid, aminooxy-, hydrochlo- 
ride, 27, IS 

Acetic acid, benzoyl-, ethyl ester, 

23, 35; 25, 7 

Acetic acid, bromo-, ethyl ester, 23, 

37 


Acetic acid, di-(/>-chlorophenyl), 26, 

21 

Acetic anhydride, 20, 6, 55, 75, 102; 
21, 13, 105; 22, 1, 54, 56, 91 ; 23, 37, 
64; 24, 18, 76, 85; 25, 78; 27, 38 
Acetoacetanilide, 21, 4; 24, 68 
Acetobromoglucose, 22, 1; 26, 53 
Acetone, 20, 6, 8, 40, 43, 62; 22, 101; 23, 
66, 79; 26, 38 
drying, 20, 7 ; 26, 54 
pyrolysis to ketene, 21, 64, 65 
Acetone carboxymethoxime, 27, IS 
Acetone cyanohydrin, 20, 42, 43 
Acetonitrile, 24, 6 

Acetonitrile diethylamino-, 27, 20 
Acetophenone, 20, 32; 21, 39; 22, 99; 

23, 30, 48, 68; 24, 9, 82 
Acetophenone, 2-4-dihydroxy-, 21 , 

103 

Acetophenoncoxime, 22, 27 
Acetophenonephenylhydrazone, 22 , 
98, 99 

Acetoxime, 27, 15, 17 
1-Acetoxy-3-naphthaldehyde, 21, 87 
Ace ty lace taldehyde, 27, 93 
Acetylacetone, 20, 6; 21, 68 
copper salt, 20, 6 
Acetylation, 20, 21, 74 
of an amine in aqueous solution, 26, 78 
of gentiobiose, 22, 54 
of glucose, 22, 1 
of 6-trityl-/3-(f-glucose, 22, 56 
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Acetylbenzoyl, 23 , 1 
Acetyl bromide, 23, 102 
Acetyl chloride, 20, 21; 21, 46; 23, 100, 
103, 105; 24, 41 
Acetylene, 20, 40; 22, 101 
Acetylketene, 21, 64 
Acetylsalicylyl chloride, 23, 66 
Acetylsalicylyl peroxide, 23, 66 
Acetyl-(7-toluidine, 22, 94 
substituted, conversion to indoles, 22, 
95 

Acetylxylidines, conversion to indoles, 

22, 95 

Acridine, 5-(9-)amino-, 22, 5 
Acridone, 25, 5 
Acrolein, 25, 1 

Acrolein, diethyl acetal, 25 , 1 
Acrylates, 26, 20 

Acrylic acid, w-butyl ester, 26 , 18 
Acrylic acid, a,i3-DiBR0M0-/3-F0RMYL-, 

27, 60 

Acrylic esters, 26, 20 
Acrylonitrile, 27, 3 
Acylation by an ester, 23, 35 
Acylchlororesorcinols, 20, 58 
Acylresorcinols, 20, 58 
Adapter for steam distillation, 22, 
11 

Addition, of ammonia to acrylonitrile, 

27, 3 

of bromine to a double bond, 22, 50; 

23, 9; 24, 33; 27, 76 

of bromine to an unsaturated acid, 
22, 76, 82 

of bromide to an unsaturated alde- 
hyde, 25, 92 

of bromine to an unsaturated ester, 

27, 76 

of bromine to an unsaturated ketone, 

27, 5 

of chlorine to aromatic iodo com- 
pounds, 22, 69, 70 
of a cyanide to a lactone, 22, 30 
of cyanacetic ester to />-benzoquinone, 

26, 25 

of ethanol to acrolein, 25, 1 
of hydrogen bromide to ethyl acrylate, 

20,65 


Addition — Continued 
of hydrogen bromide to methyl acry- 
late, 20, 64 

of hydroxylamine to cinnamic acid, 
22, 26 

of a lithium aryl to an aldehyde, 23, 84 
of a lithium aryl to ethylene oxide, 23, 
85 

of methylamine to ethyl acrylate, 20, 
36 

of methylamine to mesityl oxide, 25, 
28 

of methylamine to methyl acrylate, 
20, 37 

of phenylhydrazine to carbon disul- 
fide, 25, 38 

of phenylmagnesium bromide to 
phthalide, 27, 30 
Addition tube, 20, 21 
Adipyl chloride, 26, 58 
bromination of, 26, 58 
Air trap, 23, 42 
Alanine, 23, 15 
)3-Alanine, 27, 1 

Alanine, jS-(3,4-DinYDROXYpHENYL)-N- 
mp:thyl-, 22, 89, 91 
(//-Alanine, ck-phenyl-, 24, 9 
Alcoholic hydrochloric acid, 22, 77, 83 
standardization, 22, 80 
Alcoholysis, 20, 67 

of dibromoethyl acetate, 23, 8 
of esters, 26, 19 
of polyactic acid, 26, 4 
Aldehyde synthesis, 20, 14 

from acid chlorides by Rosenmund 
reaction, 21, 84, 87, 88, 110 
Gattermann, 23, 57 
Aldehydoacid, 23, 76; 27, 60 
Alkoxyanilines, 26, 10 
Alkoxynitrobenzenes, 26, 10 
2-Alkylaminoethanols, 26, 39 
Alkylation, of alkylidenecyanoacetic 
esters, 26, 46 

of ethyl acetoacetate, 27, 35 
of nitrophenols, 26, 9 
of thiourea, 22, 59 
use of boron fluoride, 27, 35 
Alkylchlororesorcinols, 20, 59 
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Alkylene bromide, 20, 24 
Alkylene thioureas, 26, 35 
Alkylidenecyanoacetic esters, 25, 48 
Alkyl lactate, 26, 6 
Alkyl phenyl selenidcs, 24, 91 
S-Alkylthiuronium halides, 22, 60 
d/-ALLOTHREONINE, 20, 104 
Alloxan, 23, 3 

DIHYDRATE, 23, 3, 6 
MONOHYDRATE, 21, 5 
TETRAHYDRATE, 23, 3 
Allyl alcohol, 26, 4 
Allyl bromide, 26, 49 
Allyl chloride, 24, 97 ; 27, 7 
Allyl cyanide, 24, 96, 97 
Allyl ether, 26, 5 
Allyl lactate, 26, 4 
Alumina, activated, 23, 25 
regeneration of, 23, 25 
Aluminum, commercially pure (2S), 21, 
9 

Aluminum alloy (17ST), 21, 9 
Aluminum /er/.-BuTOxiDE, 21, 5, 18, 39 
Aluminum chloride, 20, 1, 29 
anhydrous, 21, 25; 23, 57, 102; 24, 26, 
70 

Aluminum ethoxide, 21, 9 
Aluminum isopropoxide, 21, 9 
Amalgamated zinc, 20, 57; 23, 86 
Amide, 20, 37, 62, 66; 25, 58, 71 
from an acid and urea, 26, 95 
preparation by ammonolysis, 20, 62 
Amination, by reduction of a ketone in 
the presence of ammonia, 23, 68 
of bromoacetal with use of high-pres- 
sure hydrogenation bomb, 24, 3 
of a-bromoisocaproic acid, 21, 75 
of a-bromo-/3-mcthyl valeric acid, 21, 
62 

of a-bromo-jS-phenylpropionic acid, 

21, 101 

of 3-hydroxy-2 -naphthoic acid, 22, 19 
Aminoacetal, 24, 3 
Aminoacetic acid, 22, 59 
Amino acid, 20, 81, 101; 22, 13, 23, 26, 
59, 90, 93; 24, 9 
9-Aminoacridine, 22, 5 
basic strength of, 22, 8 


9-Aminoacridine hydrochloride, fluores- 
cence of, 22, 7 

9-Amino ACRIDINES, substituted, 22, 7 
w-Aminobenzaldehyde stannichlo- 
RIDE, 25, 55 

/>-Aminobenzoic acid, 26, 86 
2-Aminobenzothiazole, 22, 18 

0- Aminobenzyl alcohol, 21, 10 
CK-AmiNOBENZYL CYANIDE, 22, 23 , 25 
2-Amino-l-butanol, N-alkyl derivative, 

26, 39 

2-Amino-/>-cymene, 22, 9 
ck-Aminodiethylacetic acid, 22, 13 
4-Amino-2,6-dimethylpyrimidine, 24, 6 
a-AMINO-a-ETHYLBUTYRIC ACID, 22, 13 
AmiNOGUANIDINE BICARBONATE, 26, 7, 
11 

Aminoguanidine sulfate, 26, 12 
2-Aminoheptane, 23, 70 
dZ-jS-AMINOHYDROCINNAMIC ACID, 22, 26 
a-AMINOISOVALERlC ACID, 20, 106 
Aminolysis, of phenyl salicylate, 26, 92 
2-Amino-6-methylbenzothiazole, 22, 
16 

1- Amino-2-methyl-2-propanol, N-alkyl 

derivatives, 26, 39 

2- Amino-2-methyl-l -propanol, 27, 12 
a-AMlNO-/3-METHYLVALERIC ACID, 21, 60 

3- Amino-2-naphthoic acid, 22, 19 ; 27, 

47 

1- Amino-2-naphthol-4-sulfonic acid, 21, 

91,94 

2- Amino-4-nitrophenol, 26, 5 
2-Amino-5-nitrotoluene, 20, 73; 22, 44 
d/-a-AMINOPHENYL ACETIC ACID, 22, 23 
(f/-a-AMINO-a-PHENYLPROPIONIC ACID, 

24, 9 

<f/-a-AMINO-/3-PnENYLPROPlONIC ACID, 

21, 99 

d/-)3-AMINO-/3-PHENYLPROPlONIC ACID, 

22, 26 

1 - Amino-2 -propanol, N-alkyl deriva- 

tives, 26, 39 

2- Amino-l -propanol, N-alkyl deriva- 

tives, 26, 39 

3- Amino-l -propanol, N-alkyl deriva- 

tives, 26, 39 

/3-Aminopropionitrile, 27, 1, J 



98 


SUBJECT INDEX 


2-Aminopyridine, 26, 16 
Amino sugar, 26, 36 

2- Amino-/>-toluic acid, 27, 47 

3- Amino-1, 2, 4-triazole, 26, 11 

4- Amino-1, 2, 4-trtazole, 24, 12 
hydrochloride, 24, 13 

5(3)-Amino-l,2',4-triazolc carboxyic 
acid-3 (5), 26, 12 

Ammonia, 20, 87; 22, 19; 23, 14; 27, 58, 
73 

alcoholic, 23, 23 
chloroform solution of, 22, 6 
liquid, 20, 62; 21, 70, 71; 23, 20, 68, 
71; 24, 3; 26, 25 

action on a copper safety disk, 23, 
70 

introduction into a bomb, 23, 69, 71 
methanolic, 23, 72 
Ammonium acetate, 26, 46 
Ammonium carbonate, 20, 42; 22, 6 
Ammonium chloride, 22, 13, 23; 24, 9 
Ammonium dithiocarbamate, 27, 73 
Ammonium hydroxide, 27, 3 
Ammonolysis, 20, 62 
«-Amyl alcohol, 26, 83; 27, 76 
?i-Amyl cyanide, 23, 72 
Amylcne, 22, 82 

a-Amylhexyldimethylamine, 26, 91 
Analysis of iodoso and iodoxy com- 
pounds, 22, 7i, 72, 73, 74 
Anhydrides, acid, 26 , 1 
Anilide from an ester, 26, 7 
Aniline, 21, 4; 26, 7; 26, 41 
Aniline, N,N-dimethyl-w-nitro-, 27, 
62 

Aniline, />,/>'-sulfonylbis-, 22, 31 
o-Anisidine, 26, 24 
^-Anisidine, 26, 78 
/>-Anisidine, 2-nitro-, 26, 78 
Anisoyl chloride, 23, 66 
Anisoyl peroxide, 23, 66 
Anthracene, 20, 11 
9-Anthraldehyde, 20 , 11 
Anthranilic acid, 21, 10; 27, 45 
Anthraquinone, 2,3-dimethyl-, 22, 37 
Antioxidant, 20, 65 

Apparatus, adapter for steam distilla- 
tions, 22, 10 , 11 


Apparatus — Continued 
automatic water trap for azeotropic 
distillation, 23, 38; 26, 42, 46 
bain-marie ware, 26, 72, 97 
Claiscn flask modified with column, 
22 , 11 

continuous extractor, 23, 49 
enameled steel pots, 26, 72, 97 
for absorption of gases, 23, 48 
for adding a solid without exposure to 
air, 23, 59, 102 

for catalytic dehydration, 22, 40 
for chlorination under slight pressure, 
26, 14, 22 

for distillation of solids, 20, 20 
for fractional distillation, 20, 26, 52, 
96; 26, 1 

for generating dry methylamine, 20, 
35 

for heating under pressure, 20, 85 
for introduction of bromine in a cur- 
rent of air, 23, 9, 75 
for manipulation of liquid ammonia, 

23, 21 

for partial condensation during distil- 
lation, 20, 26, 27 

for preparation of sodamide, 20, 87 
for steam distillation, 20, 2 
shaking extractor, 23, 78 
spray trap, 23, 1 
J-Arabinose, 20, 14 

<f-ARABINOSEDIPHENYLHYDRAZONE, 20, 

15 

Arsenic oxide, 27, 48 
Arsenious oxide, 26, 61 
Arylarsonic acids, 26, 62 
Asbestos fiber mat for Buchner funnel, 
26, 57 

Autoclave, 20, 82, 85, 102; 21, 72 
stirring, 22, 20 

use of hydrogenation bomb as, 21, 68; 
22, 20 

cleaning, 22, 21 
Autooxidation, 22, 81, 85 
Azeotrope, of allyl alcohol, water, and 
benzene, 26, 5 

of methyl alcohol and methyl acry- 
late, 26, 19 
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Azeotropic distillation, 20, 66, 106; 23, 38 
Azide, formation from a hydrazine, 22, 96 
Azobenzene, 22, 28 
Azoyl chloride, 26, 87 
Azulene, removal from a hydrocarbon, 
24, 86 

Bain-marie ware, 26, 72, 97 
Barbier-Wieland, degradation of car- 
boxylic acid by method of, 24, 38, 41 
Barbituric acid, 21, 5 
Barium carbonate, 22, 86 
Barium chloride, 23, 17 
Barium hydroxide, 22, 87, 91; 26, 75; 
27, 1 

Barium malonate, 23, 17 
Barostat, 23, 46, 47 
Bayberry wax, 20, 67 
Bcnzalacetone, 27, 5 
Benzalacetone dibromide, 27, 5, 9 
Benzalacetophenone dibromide, 27, 11 
Benzalbarbituric acid, 21, 5 
Benzaldehyde, 21, 5, 51, 108; 22, 24 
determination of acid content, 26, 43 
Benzaldehyde, w-hydroxy-, 26, 55 
Benzaldehyde, ^)-NITRO-, 24, 75 
Benzalmalonic ester, 26, 42 
Benzalphthalide, 27, 31 
Benzene, dry, thiophene-free, 23, 95, 97; 
102, 103; 26, 2 

use in azeotropic esterification, 23, 
38; 24, 72; 26, 5 

BeNZENEARSONIC ACID, />-NITRO-, 26, 60 
Benzene, butyl-, 26, 11 
/>-Benzenediacetic acid, 2,5-dihy- 
droxy-, 26, 24 

Benzene, iodo-, dichloride, 22, 69 
Benzene, iodoso-, 22, 70 
Benzene, iodoxy-, 22, 72, 73 
Benzene, 1-methoxy-2-phenoxy-, 26, 
SO 

Benzene, 1,3,5-triacetyl, 27, 91 
Benzene, triazo-, 22, 96 
Benzil, 20, 48; 23, 92 
Benzilmonohydrazone, 20, 47, 48 
Benzohydryl benzoate, 24, 55 
Benzoic acid, 21, 27; 22, 48, 49 
Benzoic acid, 2,5-dinitro-, 22, 44 


Benzoic acid, 3,5-dinitro-, 22, 48, 49 
Benzoic acid, ^-phenylazo-, 26, 86 
Benzoic anhydride, />,/)'-dichloro-, 

26, 1 

Benzoin, 23, 86 

Benzonitrile, 2,6-dimethoxy-, 22, J5 
Benzophenone, 23, 99 
Benzophenone azine, 24, 55 
Benzophenone hydrazone, 24, 54 
Benzopyrrole, 23, 42 
BENZO(y)QUINOLIZINE, 1,2,3,5,6,7- 
hexahydro-, 26, 40 
/>-Benzoquinone, 26, 25 
BeNZOTHIAZOLE, 1-AM1NO-5-METHYL-, 
22, 16 

BeNZOTHIAZOLE, 2-ami NO'6-METirYL-, 

22, 16 

1,2,3-Benzotriazole, 20, 16 
Benzoylacetanilide, 26, 7 
Benzoylacetic ester, 23, 35 
Benzoylation of acetoacctic ester by 
ethyl benzoate, 23, 35 
Benzoyl chloride, 24, 14 
purification of, 24, 15 
Benzoyl chloride, /)-phenylazo-, 26, 
87 

Benzoyl cyanide, 24, 14, 16 
Benzoylformic acid, 24, 16 
Benzoyl-o-toluidines, conversion to in- 
doles, 22, 95 

Benzoylxylidines, conversion to indoles, 

22, 95 

Benzyl alcohol, 23, 14 
Benzylamine, methylation of, 26, 91 
Benzylamine, a-METIIYL-, 23, 68 
Benzyl carbamate, 23, 14 
Benzyl chloride, 21, 99 
Benzyl chloroformate, 23, 13 
Benzyl chloromethyl ketone, 26, 
13 

Benzyl cyanide, 23, 71; 26, 25 
Benzyl dodecylmethylamine, 26, 91 
Berthelot tubes, 26, 66 
Biallyl, 27, 7 

Bisulfite compound, use for purification 
of an aldehyde, 23, 78 
use for purification of alkylidenecy- 
anoacetic esters, 26, 47 
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Bisulfite compound — Continued 
use for purification of a ketone, 23, 
79 

Blanc reaction, 20, 59; 24, 30; 26, 65 
Blood, defibrinated, 21 , 53 
Booster pump, use of, for hydrogena- 
tion, 23, 69 

Boron trifluoride, 20, 6; 27, 35 
Bottles for pressure reactions, 27, 4 
Bromination, 20, 18, 81, 92, 101 
of acetic acid, 23, 37 
of 2-aminopyridine, 26, 16 
of furoic acid, 27, 60 
of a lactone, phthalide, 23, 74 
of sulfanilamide by hydrogen peroxide 
and hydrobromic acid, 24, 48 
Bromine, 20, 18, 23, 81 , 92, 101 ;21, 61,93; 
22, 50, 76, 82 ; 26, 92 ; 27, 6, 54, 60, 76 
dry, 20, 93, 106, 108; 21, 74, 101; 23, 
9, 37, 74, 94; 24, 33; 26, 53 
Bromo ACETAL, 23, 8, 45; 24, 3 
Bromoacetic acid, 23, 37 
3-Bromo-4-aminotoluene, 23, 11 
m-BROMOANiLiNE, 23, 12; 24, 24 

0- Bromoanisole, 24, 24 
ck-Bromobenzalacetone, 27, 9 
a-Bromobenzalacetophenone, 27, 10 
Bromobenzene, 21, 79; 23, 83, 93, 98; 

24, 42, 85, 89; 26, 11; 26, 50; 27, 30 
/>-Bromobenzoyl chloride, 23, 66 
/»-BrOMOBENZOYL PEROXIDE, 23, 66 
7 -Bromobutyronitrile, 23, 22 
a-BROMOCINNAMIC ALDEHYDE, 26, 92 
ck-Bromocinnamic aldehyde acetal, 
26, 92 

{>-Bromo-/>-cresol, 23, 11 
Bromocyclohexane, 26, 26 
co-Bromo esters, by bromination of silver 
salt, 26, 54 

1- Bromo-2-ethoxyethane, 23, 32 
3-BROMO-4-HYDROXYTOLUENE, 23, 11 
cc-Bromoisocaproic acid, 21, 74 
a-BROMOISOVALERIC ACID, 20, 106 
Bromomesitylene, 21, 77 
a-BROMO-/3-METHOXY-W-BUTYRIC ACID, 

20 , 101 

a-BROMO-/3-METHOXYPROPlONlC ACID, 

%%8Z 


3-Bromo-4-methoxy toluene, 26, 51 
o-Bromo-/>-methylanisole, 23, 12 
a-BROMO-/3-METHYLVALERIC ACID, 21, 61 
a-Bromonaphthalene, 21 , 89 

6- BROMO-2-NAPHTHOL, 20, 18 
w-Bromophenol, 23, 12 
a-BROMO-/3-PnENYLPROPIONIC ACID, 21, 

100 

/>-Bromophenylselenophenol, 24, 91 

2-Bromophthalide, 23, 74 
/3-Bromopropionic acid, 20 , 65 

7 - BromopropyIphthalimide, 24, 44, 46 
N-( 7 -B romopropy 1) - te trahy droquino- 

line, 26, 41 

2- Bromopyridine, 26, 16 

3- Bromosulfanilamide, 24, 51 
1,3-Butadiene, 2, 3 -dimethyl-, 22, 39, 40 
2-Butanone, 3,4-dibromo-4-phenyl-, 

27, 5 

2- Butene- 1 ,4-dione, 1 ,4-diphenyl-, 

20, 29 

^-Butenoic acid, 24, 96 

3- BuTEN-2-ONE, 3-BROMO-4-PHENYL-, 

27, 9 

3-Butenonitrile, 24, 97 
w-n-Butoxyaniline, 26, 10 
/>-w-Butoxyaniline, 26, 10 
w-w-Butoxynitrobenzene, 26, 10 
(?-w-Butoxynitrobenzene, 26, 9 
tert.-BvTYL acetate, 20, 21 

acetic anhydride method, 24, 18 
acetyl chloride method, 24, 19 
«-Butyl acrylate, 26, 28 
»-Butyl alcohol, 23, 43; 26, 19 
/gr/.-Butyl alcohol, 20, 21; 21, 8, 39; 23, 
42; 24, 18, 19, 20, 21 
anhydrous, 23, 46 

»-Butylamine, methylation of, 26, 91 
/er/.-BuTYLAMiNE, 27, 12 
n-BUTYLBENZENE, 26, 11 
»-Butyl bromide, 26, 9 
5ec.-Butyl bromide, 21, 60 
«-Butyl |3-bromopropionate, 26, 21 
^er^.-Butyl chloroacetate, 24, 21 
«-Butyl-/3-chloropropionate, 26, 21 
^er/.-Butyl cinnamate, 24, 21 
»-Butyl a,/3-dibromopropionate, 26, 21 
^^f/.-Butyl isobutyrate, 24, 20 
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'/er/.-Butyl isovalerate, 24, 21 
^eC.-BuTYLMALONIC ACID, 21, 61 
n-Butyl nitrite, 24, 25 
/^r/.-Butyl propionate, 24, 20 
1-»-Butylpyrrolidine, 25 , 14 
»-Butylselenol, 24, 91 
n-BuTYL ^-TOLUENESULFONATE, 20, SI 
3-BUTYN-2-OL, 2-methyl-, 20, 40 
Butyraldehyde, 26, 31 
w-Butyric anhydride, 21, 14 
Butyrylchlororesorcinol, 20, 58 
o-Butyrylphenol, 20, 58 
^-Butyrylphenol, 20, 58 

Calcium carbonate, 22, 54 

Calcium chloride, 23, 103 

«-Caproic acid, 21, 13 

CaPROIC acid, a-CYANO-, ETHYL ESTER, 

26, 31 

n-CAPROic anhydride, 21 , 13 
Capronitrile, 26, 33 
Caproylchlororesorcinol, 20, 58 
o-Caproylphenol, 20, 58 
^-Caproylphenol, 20, 58 
Caproylresorcinol, 20, 58 
co-Carbethoxypelargonyl chloride, 26, 21 
5-Carbethoxyvaleryl chloride, 26, 21 
CaRBINOL, TRIPHENYL-, 23, 98 
Carbinol, tris-(4-phenylphenyl)-, 

23, 95, 97 
Carbitol, 22, 32 
Carbobenzoxylanine, 23, IS 
Carbobenzoxychloride, 23, 13 
Carbobenzoxyglycine, 23 , 14 
oj-Carbomethoxypelargonyl chlo- 
ride, 25, 71 

/3-Carbomethoxypropionyl chloride, 

25, 19 

Carbon dioxide, 23, 74 
solid (Dry Ice), 21, 71, 77; 22, 101 
Carbon dioxide atmosphere, 22, 78,84,91 
Carbon disulfide, 21, 81; 26, 38 
reaction with ammonia, 27, 73 
reaction with ethylene diamine, 26, 34 
Carbon tetrachloride, 23, 102 
Carborundum crystals, 20, 96 
as column filling, 22, 39; 23, 22 
Carbostyril, 4-methyl-, 24, 68 


Carboxyaldehyde, 23, 76 
N-Carboxyanthranilic anhydride, 

27, 4S 

o-Carboxybenzyl cyanide, 22, 30 
Carboxymethoxylamine hemihydro- 

CHLORIDE, 27, IS 

0-Carboxyphenylacetonitrile, 22 , 

30 , 61 

Caro’s acid, 22, 44, 74 
Carvacrylamine, 22, 9 
Catalyst, alumina, 22, 40 
boron trifluoride, 20, 6 
copper bronze, 20, 45 
copper-chromium oxide for decar- 
boxylation, 22, 67 

copper oxide for decarboxylation, 22, 
67 

hydrobromic acid, 22, 39 
hydrogenation, Universal Oil Prod- 
ucts, 27, 22 

in ester interchange, 26, 19 
palladium-barium sulfate, 21, 85, 110; 
26, 77 

palladium-carbon, 26, 78 
piperidine benzoate, 26, 42 
poison, for use in Rosenmund reduc- 
tion, 21, 85, 87 
pyridine, 26, 51 
sodium bicarbonate, 20, 26 
sulfuric acid, 22, 1 

Catalyst, Raney nickel, 21, IS, 108; 
22, 9, 12; 23, 68, 71, 90; 26, 10 
estimation of quantity of, 21, 17 
storage under alcohol, dioxane, and 
methylcyclohexane, 21, 16 
Cellosolve, 23, 32 
Centrifuge, 22, 77, 83 
Cerelose, 22, 2 
Chitin, 26, 36 
Chloral hydrate, 20, 37 
Chlorination, of a ketone, 23, 48; 26, 22 
of secondary amines, 25, 14 
of sulfanilamide by hydrogen per- 
oxide and hydrochloric acid, 24, 47 
Chlorine, 22, 69; 23, 48; 26, 14, 22 
Chloroacetal, 24, 5 
Chloroacetic acid, 23, 53 
drying, 23, 54 
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Chloroacetone, 25, 36 
Chloroacetyl chloride, 24, 21, 26 
9-Chloroacridine, 22, 6, 7 
N-Chloroamines, 25, 14 
cyclization to N-alkylpyrrolidines, 25, 
19 

m-Chloroaniline, 24, 24 
o-Chloroaniline, 24, 22 
Chlorobenzene as a solvent, 22, 16 
/>-Chlorobenzoic acid, 26, 2 
/>-Chlorobenzoic anhydride, 26, i 
/>-Chlorobenzoyl chloride, 26, 2 
4-Chlorobiphenyl, 23, 95, 97 
w-Chlorobromobenzene, 24, 24 

0- Chlorobromobenzene, 24, 22 
7 -Chlorobutyronitrile, 23, 20; 24, 36 
2-CHLOROCYCLOnEXANONE, 25, 22 
Chloroform, 22, 35, 57, 63, 71 

anhydrous, 22, 69 
a^-CHLOROlSODQRENE, 25, 65 
co-ChLOROISONITROSOACETOPHENONE, 

24, 2 S 

2-Chlorolepidine, 24, 28; 26, 45 
Chloromethylation, 20, 59; 24, 30; 25, 65 
Chloromethyl ketones, 26, 14 

1- Chloromethylnaphthalene, 24, 30 
6/j-(Chloromethyl) -naphthalene, 24, 31 
a-Chloronaphthalene, 21, 90 
<7-Chloronitrobenzene, 20, 45 
/>-Chloronitrobenzene, 22, 32 
6-Chloro-8-nitroquinoline, 27, 52 
Cholestenone, 21, 28 
Cholesterol, 21, 18 

Chromium trioxide, 21, 6; 24, 39, 76 
Cinnamic acid, 20, 77; 22, 26; 24, 21 
Cinnamoyl chloride, 20, 77; 24, 21 
Citral, bisulfite compound, 23, 78 
purification of, 23, 78 
Claisen condensation, with acetone and 
ethyl formate, 27, 92 
with ethyl oxalate and ethyl succi- 
nate, 26, 42 

with potassium ethoxide, 26, 42 
Claisen reaction, 20, 7, 32 
Claisen rearrangement, 25, 49 
Claisen^s alkali, 25, 79 
Clarke-Rahrs column, 24, 73 
Clayton yellow paper, 22, 20, 22 


Cleavage, of a disulfide, 20, 23 
of a tetrahydrofuran ring, 25, 84 
of 6-trityl group in 6-tritryl-/3-</-glu- 
cosetetraacetate, 22, 57 
Clemmensen reduction, 20, 57 
Clintose, 22, 2 
Cocoanut oil, 20, 69 
Condensation, of an acid and an amine, 
20, 66 

of an aldehyde and an acid, 20, 55 
of an aldehyde and creatinine, 22, 90 
of an aldehyde and malonic acid, 24, 
92; 25, 51 

of an aldehyde and malonic ester, 25, 
42 

of benzil with dibenzyl ketone, 23, 92 
of citral and acetone, 23, 79 
of an ester, 20, 26 

of a ketone and an anhydride, 20, 6 
of a ketone and cyanoacetic ester, 25, 
46 

of a ketone and an ester, 20, 7, 32 
of a ketone and a hydroxy acid, 20, 62 
of a nitroso compound and an amine, 
25, 86 

of a sodium sulfinate and />-nitro- 
chlorobenzene, 22, 31 
Condenser, partial, 20, 26 
Congo red, 22, 20, 63, 66, 92, 93 
Copper acetr te, 20, 6; 21, 46, 47 
Copper Acetylacetone, 20, 6 
Copper bronze, 20, 4 S 
Copper chromite, 26, 83 
Copper-chromium oxide, 22, 67 
Copper ethyl diacetylacetate, 21, 46 
Copper helices, 20, 96 
Copper oxide, 22, 67 
Copper powder, 26, 50 
Copper reaction vessel, 23, 102 
Copper sulfate, 24, 23 
Cotton, absorbent, for drying, 20, 8, 9; 
25, 1 

Cottonseed oil, 22, 78, 85 
use of hydrogenated, as oil bath, 24, 
15 

COUMARILIC ACID, 24, 33 
Coumarin, 24, 33 
Coumarin dibromide, 24, 33 
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COUMARIN, 4-methyl-, 24 , 69 
Coupling, of allyl chloride, 27 , 7 
of aryl residues, 20 , 45 
Crab shells, 26 , 36 
Creatinine, 22, 90 
/>-Cresol, 2-bromo-, 23 , 11 
Crotonaldehyde, 24 , 92; 27 , 66 
Cro tonic acid, 20 , 101; 24 , 98; 26 , 55 
Cupric carbonate, basic, 24 , 64 
Cuprous bromide, 24 , 22, 23 
Cuprous cyanide, 21 , 89; 24 , 14, 97 
Curtius reaction, 24 , 94 
Cyan AMIDE, methyl- (1 -naphthyl-), 
27 , 56 

Cyanoacetamide, 23 , 60; 26 , 63 
6w-03-Cyanoethyl)-amine, 27 , 3 
Cyanogen bromide, 27 , 56 
Cyanohydrins, 20 , 44; 22 , 13, 16 
w-Cyanopelargonic acid, 25 , 96 
a-CYANO-(?-TOLUIC ACID, 22 , 30 , 61 
Cyclization, 20 , 16, 26, 42, 73; 26 , 29 
acetoacetanilide to 4-methylcarbosty- 
ril, 24 , 68 

acet-o-toluidide to 2-methylindole, 22, 
94 

arylthiourea to aminobenzothiazole, 

22, 17 

N-chloroamines to N-alkylpyrroli- 
dines, 26 , 19 

7 -chlorobutyronitrile to cyclopropyl 
cyanide, 24 , 36 

a-diketone and ketone to a cyclopen- 
tadienone, 23 , 92 

l,5-dimethyl-2-pyrrolidone synthe- 
sis, 27 , 28 

2,3-diphenylindone synthesis, 27 , 30 
ethyl phenylacetylmalonate, 26 , 74 
indole synthesis, 23 , 42 
ketone phenylhydrazone to indole, 22, 
98 

malonic ester synthesis of cyclobutane 
acids, 23 , 16 

6-methoxy-8-nitroquinoline synthesis, 

27 , 48 

phenylanthranilic acid to chloroacri- 
dine, 22, 5 

tartaric acid dinitrate to imidazole- 
4, 5-dicarboxylic acid, 22, 66 


Cyclobutanecarboxylic acid, 23 , 18 
1,1-Cyclobutanedicarboxylic acid, 

23 , 16 

CYCLOHEXANEACETONITRILE,a-PHENYL, 

26 , 25 

1,3-Cyclohexanedione, 27 , 21 
Cyclohexanone, 20 , 42; 26 , 22 
Cyclohexene, 20 , 28 
2-Cyclohexen-1-one, 4-carbethoxy- 
3,5-dimethyl-, 27 , 24 
2-Cyclohexen-1-one, 3,5-dimethyl, 

27 , 24 

Cyclohexyl bromide, 25 , 26 
a-CYCLOHEXYLPHENYLACETONITRILE, 

26 , 25 

Cyclopentadienone, tetraphenyl, 

23 , 92 

Cyclopropane, cyano-, 23 , 20; 24 , 36 
Cyclopropanecarboxylic acid, 24 , 36 
Cyclopropyl cyanide, 23 , 20; 24 , 36 
/^-Cymene, 21 , 96; 27 , 86 
Cysteic acid monohydrate, 20, 23 
Cystine, 20, 23 

DDT, 26 , 22 
Deacetylation, 22, 34 
Debromination, of hexabromostearic 
acid, 22, 83 

of tetrabromostearic acid, 22, 77, 81 
Decamethylene bromide, 20 , 24 
Decamethylenediamine, 27 , 18 
Decamethylene glycol, 20, 25 
1,10-Decanediamine, 27 , 18 
Decane, 1, 10-dibromo-, 20, 24 
Decarboxylation, 23 , 18 
of l,3-dihydroxy-2-naphthoic acid, 25 , 
75 

of imidazole-4, 5-dicarboxylic acid, 22, 
67 

of an oximino acid to an oxime, 22, 27 
Decomposition, diazonium salt to phe- 
nol, 23 , 11; 35 , 56 

«-Decyl /^-bromobenzenesuleonate, 

20 , 51 

«-Decyl mercaptan, 21, 38 
Degradation, 20, 14 
Dehydration, 20, 48, 74 
catalytic, 22, 39, 40 
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Dehydration — Continued 
of an amide, 26, 61, 63, 69, 95 
of 3,12-dihydroxy-nar-cholanyldi- 
phenylcarbinol, 24, 41 
Dehydroacetic acid, 20, 26 ; 21, 66 
Dehydrogenation, by air and alkali, 22, 
37 

by bromine, 23, 94 
by seleniurh, 27, 33 
by sulfur, 24, 85 

of a pyrroline to a pyrrole, 27, 33 
Dehydrohalogenation, 26, 1; 27, 9, 77 
Demethylation of a phenolic ether by 
hydriodic acid, 22, 91 
Desiccator, vacuum, “dumb-beU’* type, 
23, 105 

Desoxycholic acid, 24, 41, 42 
ftwMor-Desoxycholic acid, 24, 40 
«f?r-DESOXYCHOLIC ACID, 24, 38 
Desulfonamidation, of 3,5-dichlorosulf- 
anilamide, 24, 48 

of 3,5-dibromosulfanilamide, 24, 49 
Diacetalylamine, 24, 5 

3.12- Diacetoxy-wi?r-cholanic acid, 24, 39 

3. 1 2- DlACETOXY-6wW(7r-CHOLANYLDI- 
PHENYLETHYLENE, 24, 38, 41 

4,4'-Diacetylaminodiphenylsulfone, 22, 
34 

Diacetylmethane, 20, 6 
Diamines with carbon disulfide, 26, 35 
4,4'-Diaminobiphenyl-3,3'-dicarboxylic 
acid, 27, 47 

Diaminobiuret, 24, 58 
4,4'>Diaminodiphenylsulfone, 22, 31 

1.2- Diamino-4-nitrobenzene, 21, 20 
(?-Dianisidine, 21, 31 
Diazoketone, 26, 14 

1.3- DiAZOLE, 22, 65 
Diazomethane, 26, 13 
Diazomethane from N*nitroso-/3-ami- 

noisobutyl methyl ketone, 26, 28 
drying of, 26, 31 

Diazonium salt, reduction of, 21, 30 
Diazotization, 20, 16, 73; 21, 31, 32, 34; 

23, 11; 24, 22; 26, 56; 27, 81 
<rfl«5-DlBENZOYLETHYLENE, 20, 29 
Dibenzoylmethane, 20, 32 
Dibenzyl ketone, 23, 92 


a,a'-Dibromoadipic acid, debromination 
of, 26, 58 

esterification of, 26, 58 
2,6-Dibromoaniline, 24, 47 
w-Dibromobenzene, 24, 24 
1,10-Dibromodecane, 20, 24 
a,/3-Dibromoglutaric acid, 26, 44 

1.5- Dibromopentane, 23, 67 

3.5- Dibromosulfanilamide, 24, 48 
Di-w-butylamine, 24, 44; 26, 14 
Di-n-butylamine hydrobromide, 24, 45 
Di-«-butylaminoethanol, 23, 24 
^-Di-»-butylaminoethylamine, 23, 23 
Di-«-butylaminoethyl bromide hydro- 
bromide, 23, 23 

7-Di-«-butylaminopropylamine, 24, 

44 

7 -Di-n-butylaminopropylamine dihy- 
drochloride, 24, 45 

Di-/3-carbethoxyethylmethylamine, 

20, 35 

Dl-iS-CARBOMETHOXYETHYLMETHYL- 
AMINE, 20, 37 

a,a-DlCHLOROACETAMIDE, 20, 37 
a),w-DlCHLOROACETOPHENONE, 23, 48 

2.6- Dichloroaniline, 24, 47 
(?-Dichlorobenzene, 20, 11 
Di-(/>-chlorophenyl)-acetic acid, 26, 

21 

1 , 1 -Di- (/>-chloropheny 1) -2,2 -dichloro- 
ethylene, 26, 22 

1.1- Di-(/>-chlorophenyl)-ethylene, 26, 23 
Di-(/>-chlorophcnyl)-methane, 26, 23 

1.1- Di-(/>-chlorophenyl)-2,2,2-trichloro- 

ethane, 26, 21 

3,5-Dichlorosulfanilamide, 24, 47 
a,a'-Dicyano-2,5-dihydroxy-/>-benzene- 
diacetate, 26, 25 

a,a'-DlCYANO-)5-METHYLGLUTARAMIDE, 

23, 60 

Diels-AIder reaction, 22, 37; 23, 93 
Diene synthesis, 22, 37, 40; 23, 93 
Diethylamine, 27, 21 
Diethylamine hydrochloride, 23, 31 
Diethylaminoacetonitrile, 27, 20 
Diethylaminoethylamine, 23, 24 
/S-Diethylaminopropiophenone hy- 
drochloride, 23, 31 
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7 -Diethylaminopropylamine, 24, 46 
Diethyl benzylmalonate, 21, 99 
Diethyl ^ec.-BUTYLMALONATE, 21, 60 
Diethyl a,5-dibromoadipate, 26, S7 
Diethylene glycol, 26, 21 
Diethyl ketone, 22, 13; 26, 47 
Diethyl malonate, 21, 60, 99; 25, 42 
Diethyl-a-naphthylamine, 27, 57 
Diethyl tercphthalate, 26, 96 

1.4- Dihydro-2,3-dim:ethylanthra- 

QUINONE, 22, 37 

3.4- Dihydro-2-naphthoic acid, 26, 30 

2.3- Dihydropyran, 23, 25; 27, 43 
Dihydroresorcinol, 27, 21 

2.6- Dihydroxyacetophenone, 21, 22 

2.5- Dihydroxy-/>-benzenediacetic 

ACID, 26, 24 

3.5- Dihydroxybenzoic acid, 21, 27 

1.3- DlIIYDROXY'2-NAPHTnOIC ACID, 25, 

74 

Di-( 7 -hydroxypropyl) -aniline, 26, 41 
Diketene, 21, 64 
8,10-Diketojulolidine, 26, 41 
a-Diketone synthesis, 23, 1 

1.3- Dikctone, 20, 6, 32 

2.6- Dimkthoxybenzonitrile, 22, 35 
3,3'-Dimethoxybiphenyl, 21, 30 

6.7- DlMETHOXY-3,4-DinYDRO-2-NAPH- 
thoic acid, 26, 23 

5.8- Dimethoxylepidine, 26, 47 

6.7- Dimethoxy-2-naphthoic acid, 26, 

30 

(3 ,4-Dimetiiox yphenyl) -ethyl- 
amine, 23, 72 

/3,/3-Dimetiiylacrylic acid, 23, 27 
Dimethylamine, 21, 84 
Dime thy lamine hydrochloride, 23, 30 
/3-Dimethylaminopropiophenone hy- 
drochloride, 23, 30 
Dimethylaniline, 24, 19, 20, 21; 27, 62 

2.3- Dimethylanthraquinone, 22, 37 
3,3'-Dimethylbiphenyl, 21, 30 

2.3- Dimethylbutadiene-1,3, 22, 37, J9, 

40 

3.5- Dimethyl-4-carbethoxy-2-cyclo- 
HEXEN-l-ONE, 27, 24 

3.5- Dimethyl-2-cyclohexen-1-one, 

27, 24 


2.2- Dimethylethylenimine, 27, 12 

2.4- Dimethyl-3-ethylpyrrole, 21, 67 
Dimethylethynylcarbinol, 20, 40; 

22, 101 

5.5- Dimethylhydantoin, 20, 42 

5.8- Dimethyllepidine, 28, 47 

6.8- DimethylIepidine, 26, 47 

2.5- Dimethylmandelic acid, 25, 33 
Dimethyl-a-naphthylamine, 27, 56 
N,N-DlMETnYLPHENYLETHYLAMINE, 26, 

89 

1.2- Dimethylpyrrolidine, 25, 19 

1.5- Dimethyl-2-pyrrolidone, 27, 24 

2.4- Dimethylthiazole, 25, 35 
^yw.-Dimethylthiourea, 21, 84 
Di-l-naphthylmethane, 24, 31 

2.4- Dinitroaniline, 21, 21 
w-Dinitrobenzene, 22, 35 

2.5- Dinitrobenzoic acid, 22, 44 

3.4- Dinitrobenzoic acid, 22, 47 

3.5- Dinitrobenzoic acid, 22, 48, 49 
2,2'-Dinitrobiphenyl, 20, 45 

2.4- Dinitrophenol, 26, 5 

2.5- Dinitrotoluene, 22, 46 
Dioxane, 20, 72; 22, 36, 83; 23, 27 

use of, in hydrogenations with Raney 
nickel, 21, 16 

Diphenylacetyl chloride, 26, 14 
Diphenylacetylene, 22, 50 
1 ,4-Diphenyl-1 -butene- 1 ,4-dione, 20, 

29 

Diphenyldiazomethane, 24, 53 
assay of, 24, 55 

Di-(a-phenylethyl) -amine, 23, 70 
Di-(jS-phenylethyl) -amine, 23, 72 

1.2- Diphenylethylene, 22, 50 
Diphenylhydrazine, 20, 15 
Diphenylhydrazine hydrochloride, 20, 

15 

2.3- Diphenyltndone (2,3-diphenyl-1- 

indenone), 27, 30 
Diphenyliodonium iodate, 22, 52 
Diphenyliodonium iodide, 22, 52, 71 
Diphenyliodonium salts, 22, 71 
Diphenylketene, 20, 47 

1.3- Diphenyl-1, 3-prop anedione, 20, 

32 

Diphenylpyrrole, 27, 33 
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2.4- Diphenyl-2-pyrroline, 27, 33 
Diphenyl selenide, 24, 91 
Diphenylthiocarbazide, 25, 38 
Diphenyltiiiocarbazone, 25, 38 
Dl-n-PROPYLAMINOETHYLAMINE, 23, 24 
7 -Di-w-propylaminopropylaminc, 24, 46 
Disproportionation, of diphenylthio- 
carbazide, 25, 38 

of an iodo'so and an iodoxy compound, 

22, 52 

of iodosobenzene by steam distilla- 
tion, 22, 72 
Dithizone, 25, 38 
5yw.-Diundecyl urea, 24, 95 
Dodecanol, 20, 50 
«-Dodecyl alcohol, 20, 50 
w-Dodecyl bromide, 21, 36 
«-Dodecyl />-bromobenzenesulfo- 
NATE, 20, 51 

«-Dodecyl mercaptan, 21, 36 
S-Dodecylthiuronium bromide, 21, 37 
«-Dodecyl />-toluenesulfonate, 20, 

50 

Dry ice, 20, 37, 41; 21, 64; 22, 101; 24, 
3; 25, 25 

cooling medium for condenser, 23, 20 
use of, for internal cooling during ni- 
tration, 21, 96 

Drying, use of absorbent cotton, 20, 8, 9; 

25, 1 

“Dumb-bell” vacuum desiccator, 23, i05 
Durylacetonitrile, 25, 67 
Dypnone, 21, 39 

Elimination, of hydrogen bromide from 
a dibromide, 22, 50; 25, 92 
with rearrangement, 24, 33 
of hydrogen bromide from a vinyl 
halide, 25, 93 
Emulsin, 22, 53 

Enanthic acid, 7-hydroxy-, lactone, 

27, 68 

Enanthic anhydride, 26, 1 
Enzymatic synthesis, 22, 53 

1.5- Epoxypentane, 23, 67, 90 

1.5- Epoxypentene-1, 23, 25 
Esterification, 20, 4, 21, 24, 50, 77; 24, 

18, 19, 20, 21; 25, 72 


Esterification — Continued 
by azeotropic distillation with ben- 
zene, 22, 38 
by nitric acid, 22, 65 
of desoxycholic acid, 24, 41 
of lactic acid, 26, 4 
of linoleic acid, 22, 77 
of linolenic acid, 22, 83 
of pyruvic acid with use of methyl 
ester column, 24, 72 
Ester interchange, 26, 5, 19 
between polylactic acid and allyl 
alcohol, 26, 5 

Ethane, 1-bromo-2-ethoxy-, 23, 32 
Ethanolamine, 26, 38 
Ethanol, 2-isopropylamino-, 26, 38 
Ether, anhydrous, 22, 57 
Ether, butyl <7-nitrophenyl, 25, 9 
/3-Ethoxyethyl alcohol, 23, 32 
/3-Ethoxyethyl bromide, 23, 32, 33 
/3-Ethoxyethyl cyanide, 23, 33 
Ethoxymagnesiomalonic ester, 25, 73 
2-Ethoxy-1-naphtiialdehyde, 20, 11 
6-Ethoxy-8-nitroquinoline, 27, 52 
/3-Ethoxypropionaldehyde acetal, 
25, 1 

^-Ethoxypropionitrile, 23, 33 
Ethyl acetate, 20, 8; 23, 9 
dry, 20, 10 

Ethyl acetoacetate, 20, 26; 21, 23, 46, 
67; 23, 35; 24, 69; 27, 24, 35 
Ethyl acrylate, 20, 36 
Ethyl alcohol, anhydrous, 22, 59; 23, 9, 
16, 24; 25, 45, 76 

Ethyl alkylidenecyanoacetates, 25, 48 
Ethyl-»-amylamine, 25, 19 
Ethyl benzalmalonate, 25, 42 
Ethyl benzoate, 20, 32; 23, 35, 98 
Ethyl benzoylacetate, 23, 35; 25, 7 
Ethyl bromide, 22, 59 
as solvent, 23, 67 

Ethyl bromoacetate, 21, 51; 23, 37 
Ethyl a-bromoglutaconate, 26, 44 
Ethyl a-bromoisobutyrate, 21, 53 
Ethyl /3-bromopropionate, 20, 65 
Ethyl-n-butylamine, 25, 19 
Ethyl «-butylcyanoacetate, 26, 31 
Ethyl caprylate, 20, 69 
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Ethyl carbonate, 23 , 95, 97 ; 26 , 33 
Ethyl chloroacetate, 24 , 82; 27 , 71 
Ethyl chlorocarbonate, 21 , 81; 24 , 60 
Ethyl chlorocinnamate, 24 , 83 
2-Ethylchromone, 21 ^ 42 
Ethyl crotonate, 26 , 54 
Ethyl cyjinoacetate, 26 , 46; 26 , 25, 31 
Ethyl diacetylacetate, 21 , 46 
copper derivative, 21 , 46 
E thy 1 (dialky 1 vinyl) -alky Icy anoace- 
tates, 26 , 46 

Ethyl diazoacetate, 24 , 56 
Ethyl 1 ,3-dihydroxy-2-naphthoate, 

26 , 74 

Ethyl 2,5-dimetiiylphenylhydroxy- 
MALONATE, 26 , 33 

Ethyl Q:,Q!-DiMETHYL-i3-piiENYL-/3-nY- 
DROXYPROPIONATE, 21 , 53 
Ethylene chloride, 20 , 28; 22 , 76; 25 , 63 
Ethylenediamine, 26 , 34 

reaction with carbon bisulfide, 26 , 34 
Ethylenediamine, N,N-dibutyl-, 23 , 

23 

Ethylene oxide, 23 , 85; 26 , 39 
Ethylene thiourea, 26 , 34 
Ethylenimine, 2,2-dimethyl, 27 , 12 
hydrogenation of, 27 , 13 
Ethyl ethylcyanoacetate, 26 , 33 
Ethyl ethyIidene-6/Vacetoacetate, 27 , 

24 

Ethyl ( 1 -eth ylprop enyl) -meth yl- 
Cyanoacetate, 26 , 44 
Ethyl (1-ethyl propylidene)-cyano- 
ACETATE, 25 , 46 
Ethyl formate, 24 , 12; 26 , 29 
Ethyl 1,16-nEXADECANEDiCARBOXYL- 
ATE, 21 , 48 

Ethyl hydrazinecarboxylate, 24 , 58 
Ethyl hydrogen adipate, 26 , 21 
Ethyl hydrogen sebacate, 21 , 48; 25 , 21 
electrolysis of, 21 , 48 
Ethyl a-ISOPROPYLACETOACETATE, 27 , 
35 

Ethyl isothiocyanate, 21, 82 
Ethyl lactate, 21, 71 
Ethyl laurate, 20 , 69 
Ethyl linoleate, 22 , 77 
Ethyl linolenate, 22 , 83 


Ethyl malonate, 23 , 16 
Ethyl mercaptan, 22, 59 
Ethyl N-methyl-/3-aminopropionate, 20, 
37 

l-Ethyl-2-methylpyrrolidine, 26 , 19 
Ethyl myristate, 20 , 69 
N-Ethyl-l-naphthylcyanamide, 27 , 56 
l-Ethyl-l-(l-naphthyl)-2-selenourea, 27 , 
59 

Ethyl orthoformate, 25 , 93 
Ethyl oxalate, 26 , 42 
Ethyl oxalylsuccinate, 26 , 42 
Ethyl oxomalonate, 26 , 33 
Ethyl pentane-1 , 1 ,5,5-tetracarbox- 
ylate, 23 , 18 

Ethyl phenylacetylmalonate, 25 , 73 
Ethyl /3-PHENYL-i3-HYDROXYPROPlO- 
NATE, 21 , 51 
Ethyl propionate, 21, 43 
Ethyl propylcyanoacetate, 26 , 33 

4- ETnYLPYRIDINE, 27 , 38 
1-Ethylpyrrolidine, 25 , 19 
Ethyl succinate, 26 , 42 
Ethyl thiourea, 21, 84 

5- EtHYLTHIURONIUM BROMIDE, 22 , 59 
Ethyl w-tolylxanthate, 27 , 82 
Ethyl N-tricarboxylate, 24 , 60 
P^thyl 7 -veratrylbutyrate, 26 , 29 
Ethynylcarbinols, 22, 101 
1-Ethynylcyclohexanol-1, 20 , 41 
Extraction, continuous, 20 , 99; 23 , 49 

hot, 20, 30 

Extractor, continuous, 23 , 49 
shaking, 22, 78 
0-Eugenol, 26 , 49 

Fatty acids, from natural oils, 22 , 75, 76, 
79, 82 

linseed, distilled, 22 , 84 
saturated, separation from unsatu- 
rated, 22, 76 
unsaturated, 22 , 75 , 82 
hexabromide test for, 22 , 78 
Fermentation, 22 , 53 
Ferric nitrate, 23 , 20; 25 , 25 
Fieser’s solution, 21, 110 
Filter fabric, Pyrex glass, 22, 33, 65 
Vinyon, 22, 33, 67 
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Filter paper, hardened, 22, 45 
“Shark skin,” 25, 97 
Fischer indole synthesis, 22, 98 
Flash distillation, 21, 85 
Flask, modified Claisen, 22, 11 
Fluorescence of 9-aminoacridine hydro- 
chloride, 22, 7 

Formaldehyde, 20, 60; 24, 64 

Formaldehyde solution, 27, 20, 41 

Formalin, 22, 66; 26, 65, 89 

Formanilide, 26, 41 

Formhydrazide, 24, 13 

Formic acid, 20, 66, 102; 23, 43; 25, 89; 

26, 7, 11 

Formic acid, chloro-, benzyl ester, 

23 , 13 

o-Formotoluide, 23, 43 
Formylaminoguanidine sulfate, 26, 11 
Formylation by Claisen condensation, 

26, 28 

FORMYL-d/-METHYLTHREONINE, 20, 103, 

104 

Fractionating column, Fenske type, 26, 
2 

packed, 20, 96 

Whitmore-Lux type, 21, 14, 66; 24, 16 
Friedel-Crafts reactions, 20, 1, 29; 23, 
102; 24, 26 

Fries rearrangement, 21, 25 
Froth dissipation, 20, 3 
Fructose, 24, 64, 66 
Fumaryl chloride, 20, 29, SI 
Fuming sulfuric acid, 27, 78 
Furan, 2-(bromomethyl) tetrahy- 
DRO-, 23, 88 

2-Furanacrylic acid, 20, 55; 26, SI 
2-Furanpropionic acid, tetrahydro, 

27, 68 

Furfural, 20, 55; 23, 70; 25, 51 
Furfurylamine, 23, 70 
Furnace, construction of, 22, 40 
hot tube, 23, 25 
Furoic acid, 27, 60 

Furylacrylic acid, 20, 55; 25, 51; 27, 
68 

Fusion, alkaline, of an aryl sulfonate, 

21. 29 

Fusion pot, 20, 86 


Gas trap, 20, 1, 12, 29, 60, 77, 92, 106; 
23,48 

Gattermann reaction, aldehyde syn- 
thesis, 23, 57 

^-Gentiobiose octa acetate, 22, S3 
Glass helices, 20, 96 

d-GLUCOSAMINE HYDROCHLORIDE, 26, 36 

Glucose, 20, 75; 22, 1, 53 
anhydrous, 20, 97 
Glucose oxime, 20, 75 
Glucose pentaacetate, 22, 1 
/3-if-GLucosE- 1 ,2 ,3 ,4-tetraacetate , 22 , 
S6 

/5-(f-GLUCOSE-2,3,4,6-TETRAACETATE, 25, 

5J 

GlUTARIC acid, i3-METHYL-, 23, 60 
a-oxo-, 26, 42 
Glycerol, 22, 75, 82; 27, 48 
GlYCIDIC acid, /3-METHYL-/3-PHENYL- 
ETHYL ESTER, 24, 82 
Glycine, 22, 59; 23, 14 
ethyl ester hydrochloride, 24, 56 
Glycocyamine, 22, 59 
Glycolic acid, 24, 63 
Glycolonitrile, 27, 41 
Glycoside, hydrolysis of, 22, 86 
Glyoxal, 24, 63 
Glyoxal bisulfite, 24, 61 
GlYOX ALINE, 22, 65 
GlYOXYLIC ACID, PHENYL-, 24, 16 
Grignard reaction, ^-bromophenylsele- 
nophenol, 24, 91 
«-butylselenol, 24, 91 
3, 1 2-dihy droxy-nor-cholany Idipheny 1- 
carbinol, 24, 41 

1 -hydroxy- 1 -phenyl- 1,2,3 ,4- tetrahy- 
dronaphthalene, 24, 85 
selenocresols, 24, 91 
selenophenol, 24, 89 
thiophenols, 24, 91 
Guaiacol, 26, 50 
GuAIACOL ALLYL ETHER, 25, 49 
Guanidine, amino-, bicarbonate, 26, 7 
Guanidoacetic acid, 22, 59 

Haloform reaction, 23, 27 
Helices, 20, 96 
Hemin, 21, S 3 
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Hempseed oil, 22, 85 
Heptabromostearic acid, 22, 83, 85 
Heptaldehyde, 23, 70 
Heptane, 20, 41 

Heptanoylchlororesorcinol, 20, 58 
o-Heptanoylphenol, 20, 57, S8 
^-Heptanoylphenol, 20, 58 
Heptoic acid, 26, 2 
Heptoic anhydride, 26 , 1 
Heptoyl chloride, 26, 2 
«-Heptylamine, 23, 70 
»-Heptyl mercaptan, 21, 38 
o-«-Heptylphenol, 20, 57 
Hershberg stirrer, 20, 8; 22, 74; 23, 33 
Hexabromostearic acid, 22, 82 

n-HEXADECYL />-BROMOBENZENESUL- 
FONATE, 20, SI 

n-HEXADECYL />-TOLUENESULFONATE, 

20 , $1 

1,5-Hexadiene, 27, 7 
Hexahydropseudoionol, 23, 81 
Hexamethylene bromide, 20, 2S 
Hexamethylenetetramine, 22, 66 
^-n-Hexoxyaniline, 26, 10 
o-n-Hexoxy nitrobenzene, 25, 10 
^-n-Hexoxynitrobenzene, 25, 10 
n-HEXYLAMINE, 23, 72 
Hinsberg separation, 25, 16 
Homophthalic acid, 22, 61 
Hydratropaldehyde, 24, 87 
Hydrazine, anhydrous, 24, 53 
reaction of sulfate with methyliso- 
thiourea sulfate, 26, 9 
Hydrazine hydrate, 20, 48; 21, 68, 70; 
24, 12, 53, 58 

Hydrazine sulfate, 21, 70; 26, 10 
Hydriodic acid, 22, 91 
Hydrobromic acid, 20, 82, 102, 103; 22, 
39 

48%, 23, <57; 24, 22 
recovery as constant-boiling acid, 23, 
68 

Hydrochloric acid, 23, 86 
Hydrocinnamoyl chloride, 26, 14 
Hydrocyanic acid, 22, 25 
Hydrogen, electrolytic, 21, 85, 111 
Hydrogenation, apparatus for high- 
pressure, 21, 108 


Hydrogenation — Continued 
dangers and precautions, 22, 10; 26, 
84 

of a dinitrile, 27, 18 
of an ethylenimine, 27, 13 
of a ketimine, 27, 28 
of a nitrile, 27, 33 
of nitro compounds, 22, 10; 26, 10 
of resorcinol, 27, 21 
over palladium, 26, 32, 45 
over platinum, 26, 38 
Hydrogenation bomb, use of, as auto- 
clave, 24, 3, 54 

Hydrogen bromide, 20, 25, 64; 22, 2, 57 
bromine-free, 20, 65; 22, 3 
Hydrogen chloride, 20, 60, 79; 23, 57, 63; 
24, 25 

generator, 23, 58 

Hydrogen cyanide, addition to ethyl 
crotonate, 26, 54 

Hydrogenolysis, of 2-chlorolepidine, 26, 
45 

of tetrahydrofurfuryl alcohol to 1,5- 
pentandiol, 26, 83 
of various chlorolepidines, 26, 47 
Hydrogen peroxide, 20, 70; 23, 66; 24, 
47, 48, 49, 50; 26, 90 
Hydrogen sulfide, 20, 15; 21, 21; 22, 14; 

23, 7; 24, 65, 85; 27, 58 
Hydrolysis, 20, 82, 92, 98; 25, 33, 74; 
27, 1 

and decarboxylation of a /5-keto ester, 

26, 43 

of an acetal, 25, 93 
of an acetylamino compound, 22, 32; 
26, 79 

of an amide to an acid, 22, 14; 23, 61 
of chitin, 26, 36 

of a creatinine derivative to an amino 
acid, 22, 91 

of a glucosidic bromide, 26, 53 
of an isonitroso ketone to an a-dike- 
tone, 23, 1 

of a methylglycoside, 22, 86 
of a nitrile to an acid, 22, 23, 61 ; 24, 
16, 36, 96; 26, 66; 26, 55 
of a nitrile to an amide, 22, 13 
of an oxime, 27, 16 
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Hydrolysis — Continued 
of a substituted cyanomalonic ester, 
26, 25 

Hydroquinone, 20, 64 
as an inhibitor, 22, 39, 41 
o-Hydroxyacetophenone, 21, 43, 45 
w-Hydroxybenmldehyde, 25, 55 
w-Hydroxycaprylic acid, 27, 70 
Hydroxylamine, 20, 74 
Hydroxylamine hydrochloride, 20, 74; 
22, 26 

/S-Hydroxylaminocinnamic acid, 22, 26 
2-Hydroxy-3-methoxybenzaldehyde, 
oxidation with hydrogen peroxide, 

26,90 

4(5) -HyDROXYMETHYLIMID AZOLE HY- 
DROCHLORIDE, 24, 64 
Hydroxymethylimidazole picrate, 24, 64 

2- Hydroxy-1-naphthaldehyde, 22, 63 

3- Hydroxy-2-naphthoic acid, 22, 19 
2-Hydroxy-I, 4-naphthoquinone, 21, 

56 

2-HYDROXY-5-NITROBENZYL CHLORIDE, 

20, 59 

5-Hydroxypentanal, 27, 43 
a-Hydroxyphenazine, methylation to 
quaternary salt, 26, 87 
2-(i3-HYDROXYPROPYL) -PYRIDINE, 23, 83 
2-(7-Hydroxypropyl)-pyridine, 23, 8S 
N-( 7 -Hydroxypropyl)-tetrahydroquin- 
oline, 26, 41 

Hypophosphorous acid, 21, 30 
Imidazole, 22, 65 

Imidazole-4,5-dicarboxylic acid, 22, 

66 

4- Imidazolemethanol hydrochlo- 

ride, 24, 64 

2-lMIDAZOLrDINETHIONE, 26, 34 
2-Imino-l-ethylnaphtho[l,2]selenazo- 
line, 27, 55 

2-Imino-l-methylnaphtho[l,2]selenazo- 
line, 27, 55 
InD AZOLE, 20, 74 
Indole, 23, 42 
Indole, 2-methyl, 22, 94 
Indole, 2-phenyl, 22, 98 
INDONE, 2,3-DIPHENyL-, 27, 30 


Inhibitor, 20, 36, 48, 65 ; 22, 39, 41 
lodination of phthalic anhydride, 27, 78 
Iodine, 27, 78 
Iodine value, 22, 79, 84 
lodobenzene, 22, 69, 71, 72, 73 
lODOBENZENE DICHLORIDE, 22, 69, 70, 73 
/>-Iodobenzyl alcohol, 24, 81 
/>-Iodobenzyl bromide, 24, 81 
Iodonium compound, 22, 52 
lodoso and iodoxy compounds, differen- 
tiation, 22, 71 

lODOSOBENZENE, 22, 52, 76, 72 
lODOTOLUENE DICHLORIDES, 0-, W-, />-, 

22, 70 

lODOXYBENZENE, 22, 52, 72, 73 
Iron powder as reducing agent, 22, 12 
Irradiation, 20, 81, 92, 101 
ISATOIC ANHYDRIDE, 27, 45 
Isobutyl alcohol, 23, 43 
ISOBUTYRAMIDE, 25, 58 
ISOBUTYRONITRILE, 25, 61 
ISOBUTYRYL CHLORIDE, 24, 20; 25, 58 
Isocaproic acid, 21, 74 
ISOCAPROIC ACID, a-AMINO, 21, 74 
Isodurylacctonitrile, 25, 67 
/3-Isodurylaldehyde, 21, 110; 23, 57, 59 
i3-ISODURYLYL CHLORIDE, 21, 77 
d/-ISOLEUCINE, 21, 66 
Isonitrosopropiophenone, 23, 1 
^-Isopropoxyaniline, 25, 10 
/>-Isopropoxynitrobenzene, 25, 10 
Isopropyl alcohol, 24, 26; 27, 35 
Isopropylamine, 26, 39 
2-Isopropylaminoethanol, 26, 38 
Isopropyl ether, recrystallization from, 
22, 2 

removal of peroxides from, 22, 3 
Isopropyl nitrite, 24, 26 
Isovaleric acid, qj-acetyl, ethyl es- 
ter, 27, 35 

Isovaleric acid, dry, 20, 106 
Isovaleric acid monohydrate, 20, 106 
Isovaleryl chloride, 24, 21 

JULOLIDINE, 26, 40 

Kerosene, purified, 24, 7 
Ketene, 21, 13, 64 
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Ketene, diethel ketal, 23 , 4 S 
Ketene diethylacetal, 23 , 45 
Ketene dimer, 21, 4, 64 
^‘Ketene lamp,” 21, 65 
Keto acid, 20, 2 
q:-Ketoglutaric acid, 26 , 42 
Knoevenagel condensation, 23 , 60; 24 , 
92; 25 , 42, 51; 27 , 24 
Kolbe synthesis of an alkyl a,co-dicar- 
boxylate, 21, 48 
Kryptopyrrole, 21, 67 

Lactamtde, 21 , 71 
Lactic acid, alkyl esters, 26 , 6 
esterification of, 26 , 4 
methyl ester, 26 , 6 
polymer of, 26 , 5 

Lactic acid, allyl ester, 26 , 4 , 5 
Laurel wax, 20, 68 
Lauroyl chloride, 24 , 94 
Lauryl alcohol, 20, 50 
Lauryl mercaptan, 21, 36 
S-Laurylthiuronium bromide, 21, 37 
Lauryl />-toluenesuleonate, 20, 50 
Lead acetate, 24 , 62 
Lead dioxide, 21, 1 
Lead hydroxide, 22, 15 
Lead tetraacetate, 21, 1, 3 
Lepidine, 26 , 45 

various methods of preparation, 26 , 48 
Lepidine, 2-chloro-, 24 , 28 ; 26 , 45 
/-Leucine, 21,74 
Levulinic acid, 27 , 28 
Linoleic acid, 22 , 75 
tetrabromide, 22 , 76 
Linolenic acid, 22 , 82 
hexabromide, 22, 82 , 85 
Linolic acid, 22 , 75 
Linseed oil, 22, 82, 84, 85 
Liquid ammonia, 27 , 18 
Lithium, 23 , 83 
cutting, 23 , 84 
sand, 23 , 84 

Magnesium, 21 , 46, 77, 79; 24 , 41, 85, 
90; 27 , 30, 65 

in malonic ester synthesis, 25 , 73 
Magnesium powder, 20, 21 


Magnesium turnings, 27 , 7 
Maleic anhydride, 20 , 51; 23 , 93 
Malonic acid, 24 , 92 
drying of, 25 , 52 
substituted, 21, 61 
bromination of, 21, 61, 100 
decarboxylation of, 21 , 61, 101; 25 , 
33, 51 

Malonic acid, benzal-, diethyl 
ester, 25 , 42 
Malononitrile, 25 , 63 
Mandel amide, 20 , 62 
Mandelic acid, 20 , 62; 23 , 48 
Mandelic acid, 2,5-dimethyl-, 25 , 33 
Mannich reaction, 23 , 30 
{/-Mannose, 22 , 86 
Manometer, 25 , 15, 22 
/-Menthol, 23 , 52 

/-Menthoxyacetic acid, 23 , 52 , 55 
/-Menthoxyacetyl chloride, 23 , 55 
Mercuric acetate, 20 , 81, 101 
Mercuric chloride, 20 , 57; 21 , 8; 23 , 86 
Mercuric oxide, 20 , 47, 103 
yellow, 24 , 54 
Mercury, 22, 91, 92 
Mercury valve, 25 , 15, 22 
Mesitaldeiiyde, 21 , 110 ; 23 , 57 , 59 
Mesitoic acid, 21 , 78 
Mesitoyl chloride, 21 , 77 , 110 
Mesitylacetic acid, 25 , 65 
Mesitylacetonitrile, 25 , 66 
Mesitylene, 23 , 57; 25 , 65 
Mctalation of a-picoline by phenyl 
lithium, 23 , 84 
Metal bath, 20 , 48 

adhering to glass, prevention of, 22, 
95 

Metal reaction vessel, 23 , 102 
jS-Methallyl lactate, 26 , 6 
Methane, chlorotriphenyl-, 23 , 100 , 
102 

Methane, diazo-, 25 , 28 
Methane, diazodiphenyl-, 24 , 53 
Methoxyacetonitrile, 21, 79 
co-Methoxy acetophenone, 21 , 79 
3-Methoxy-l ,2-benzoquinone, condensa- 
tion with {7-phenylenediamine, 26 , 
87 
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6“Methoxy-5-bromo-8-nitroquinoline, 
27, 52 

7- Methoxy-3,4-dihydro-2-naphthoic 

acid, 26, 30 

2-Methoxydiphenyl ether, 26, SO 
5-(3-Methoxy-4-hydroxybenzal)- 
CREATININE^ 22, 90, 93 

5- (3-Methoxy-4-hydroxybenzyl)- 

CREATININE, 22, 90 

6- Methoxylepidine, 26, 48 
6-Methoxylepidine monohydrate, 26, 47 
2-Methoxy-4'-methyldiphenyl ether, 26, 

51 

2-Methoxy-5-methyldiphenyl ether, 26, 

51 

2-Methoxy-1,4-naphthoquinone, 21, 

S7 

8- Methoxy-6-nitroquinoline, 27, 52 
6-Methoxy-8-nitroquinoline, 27, AS 
6-Methoxy-8-nitroquinoline sulfate, 27, 

52 

a-METHOXYPHENAZINE, 26, 36 
a-Methoxyphenazine, demethylation of, 

26, 87 

Methyl /3-(1-acenaphthoyl)-propio- 
NATE, 20, A 

Methyl acetoacetate, 24, 70 
/>-Methylacetophenone, oxidation of, 

26, 95 

4-Methyl-7-acetoxycoumarin, 21, 2 A 
Methyl acrylate, 20, 64, 81; 26, 19 
Methylal, 20, 60 
Methylamine, 20, 36; 27, 28 
anhydrous, 20, 35 
30% aqueous solution, 25, 28 
35% aqueous solution, 21, 81 
generator, 20, 35 
hydrochloride, 21, 82 
N-Methylaminoaromatic acids, 22, 93 
Methyl-«-amylamine, 25, 19 
Methyl amyl ketone, 23, 70 
Methylaniline, 20, 11, 66; 26, 41 
Methylation, 20, 97 ; 25, 44, 91 
Methyl ck-bromo-^-methoxypropio- 
NATE, 20, 31 

Methyl /9-bromopropionate, 20, 6 A 
Methyl 5-bromovalerate, 26, S2 
Methyl-w-butylamine, 25, 19 


l-Methyl-2-»-butylpyrrolidine, 25, 19 
Methyl carbitol, 22, 32 
4-Methylcarbostyril, 24, 28, 68 
Methyl chloride, 27, 65 

4- Methylcoumarin, 24, 69 
Methyl w-cyanopelargonate, 25, 69 
Methylcyclohexane, 21, 16 

Methyl desoxycholate, 24, A1 
Methyl a,|8-dibromopropionate, 20, 82 
N-Methyl-3,4-dihydroxyphenyl- 
alanine, 22, 89, 91, 93 
/3-(3,4-Methylenedioxyphenyl)- 
ETHYLAMINE, 22, 72 
Methyl ester column, 24, 72, 73 
Methylethylethynylcarbinol, 20, 

A1 

5- Methyl-5-ethylhydantoin, 20, AA 
Methyl ethyl ketone, 20, 41 

Methyl ethyl ketone cyanohydrin, 20, 
44 

N-Methylformanilide. 20, 11, 66 

0- Methylformanilide, 23, A3 
Methyl-/3-formylpropionate, 21, 88 
a-Methylglucoside, 20, 99 
/3-Methylglutaric acid, 23, 60 
Methyl hydrogen adipate, 26, 52 
Methyl hydrogen succinate, 25, 19 
4-Methyl-7-hydroxy-8-acetylcouma- 

rin, 21, 2S 

4-Methyl-7-hydroxycoumarin, 21, 23 

1- Methyl-2-imino-;3-naphthothiazo- 

LINE, 27, S3 

2- Methylindole, 22, 9 A 
Methyl isothiocyanate, 21, 81, 83 
Methyl isothiourea, reaction of sulfate 

with hydrazine sulfate, 26, 9 
Methyl lactate, 26, 6 

6- Methyllepidine, 26, 47 
8-Methyllepidine, 26, 47 
a-MethyW-mannoside, 22, 86 
Methyl mercaptan, 26, 9 
N-Methyl-(3-methoxy-4-hydroxy- 

phenyl)-alanine, 22, 91 
2-Methyl-6-methoxyquinoline, 26, 47 
Methyl myristate, 20, 67 
a-Methylnaphthalene, 26, 93 
N-Methyl-1-naphthylcyanamide, 27, 
55, 58 
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1 -Methy 1-1 - ( 1 -naphthyl) -2-selenourea, 
27 , 59 

1-Methyl-1-(1-naphthyl)-2-thio- 
UREA, 27 , 53, 58 
Methyl-w-octylamine, 25 , 19 
Methyl oleate, 27 , 76 
Methyl palmitate, 20 , 67 
Methylphenyldiketone, 23 , 1 
/3-(2-Methylphenyl)-ethylamine, 23 , 
72 

/3-(3-Methylphenyl)-ethylamine, 23 , 

72 

/3-(4-Methylphenyl)-ethylamine, 23 , 

72 

N-methyl-2-pyridone, 26 , 18 

1- Methylpyrrolidine, 26 , 19 
Methyl pyruvate, 24 , 72 
Methyl sebacamate, 26 , 71 
Methyl succinic acid, 26 , 54 

various methods for preparation of, 
26 , 56 

Methyl sulfate, 20, 97 
antidote, 20, 97 

a-Methyltetrahydrofuran, 26 , 83 
Methylthiourea, 21 , 82 
Mineral oil, 23 , 103 
Monel-metal stirrer, 20, 99 
Monoalkylcyanoacetates, 26 , 33 
Monoperphthalic acid, 20, 70 
Mucobromic acid, 27 , 60 
Muconic acid, 26 , 57 
various methods of preparation, 26 , 
60 

Myristic acids, 20, 69 
Myrtle wax, 20, 68 

/3-NaPHTH ALDEHYDE, 21 , 84; 23 , 62 

2- Naphthaldehyde, 21 , 84; 23 , 62 
1-NaPHTH ALDEHYDE, 2-HYDROXY-, 22 , 

62 

^-Naphthaldehydimine-stannichloride, 
23 , 63 

Naphthalene, 24 , 30 
1,3-Naphthalenediol, 26 , 72 
1,(2)-Naphthalenone, 3,4-Dihydro-, 

20 , 94 

Naphthalic anhydride, 24 , 1, 2 
/3-Naphthoic acid, 21, 86 


2-Naphthoic acid, 3-amino-, 22 , 19 
3,4-Dihydro-6,7-dimethoxy-, 26 , 28 
/8-Naphthol, 20, 18; 22, 23, 63 

1- Naphthonitrile, 21 , 89 

2- Naphthonitrile, 23, 63 
1,4-Naphthoquinone, 22, 37 

1.2- Naphthoquinone-4-sulfonate, am- 

monium, 21, 56 

1.2- Naphthoquinone-4-sulfonate, 

ammonium and potassium, 21 , 91 
Naphthoresorcinol, 26 , 72 
|8-Naphthoyl chloride, 21 , 55 
/3-Naphthylamine, 22, 23 
jS-Naphthyl ethyl ether, 20 , 11 
a-Naphthyltrimethylammonium bro- 
mide, 27 , 57 
Nef reaction, 20 , 40 
Nichrome helices, 20 , 96 
Nickel-aluminum alloy, 21 , 15, 16; 27 , 68 
Nickel catalysts, Raney, 21 , 15; 22 , 9, 
12; 23 , 68, 71, 81, 90; 25 , 10; 27 , 
13, 18, 22, 28, 33 
Universal Oil Products, 27 , 22 
Nitrate ester preparation, 22, 65 
Nitrating mixture, 27 , 62 
Nitration in acetic acid, 25 , 78 
Nitric acid, 27 , 84, 86 
anhydrous, 21 , 105, 106 
fuming, 22 , 48, 65; 23 , 3 
Nitrile formation, 20 , 74; 21 , 89; 25 , 61, 
63, 66, 69, 95 

4-Nitro-4'-acetaminodiphenylsul- 
FONE, 22 , 22 

3- Nitro-4-aminoanisole, 27 , 48 
3-Nitro-4-aminotoluene, 22, 47 
/>-Nitroaniline, 26 , 61 
o-Nitrobenz aldehyde, 24 , 75 
m-Nitrobenzaldehyde, 25 , 55 
<7-Nitrobenzaldiacetate, 24 , 75 
Nitrobenzene, 20 , 1 ; 22 , 28; 24 , 70; 26 , 80 
^-Nitrobenzenediazonium borofluoride, 

26 , 61, 62 

^-Nitrobenzoic acid, 23, 66 
w-Nitrobenzoyl chloride, 23, 66 
/>-Nitrobenzoyl chloride, 23, 65 
w-Nitrobenzoyl peroxide, 23, 66 
^-Nitrobenzoyl peroxide, 23, 65 
/>-Nitrobenzyl acetate, 24, 79, 81 
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/>-Nitrobenzyl alcohol, 24, 81 
^-Nitrobenzyl chloride, 24, 79 
/>-Nitrochlorobenzene, 22, 32 
2-Nitro-^-cymene, 21, 96; 22, 9 
w-Nitrodimethylaniline, 27, 62 
/>-Nitrodimethylaniline, 27, 63 
Nitrogen atmosphere, 22, 94; 23, 42, 83 
Nitrogen peroxide, 26, 34 
Nitroguanidine, reduction of, 26, 7 
5-NiTROIND AZOLE, 20, 73 
2-Nitro-4-methoxyacetanilide, 26 , 78 
2-Nitro-4-methoxyaniline, 26, 78 

2- Nitro-6-Methoxybenzonitrile, 22, 

35 

3- Nitro-4-nitrosotoluene, 22, 47 
o-Nitrophenol, 26, 9 
/>-Nitrophenol, 20, 60 
/>-NiTROPIIENYLARSONIC ACID, 26, 60 

various methods of preparation, 26, 62 
Nitrosation, of i3-methylaminoisobutyl 
methyl ketone, 26, 28 
of phenacyl chloride, 24, 25 
Nitrosobenzene, 26, 80 

N-NlTROSO-i3-METHYLAMINOISOBUTYL 
METHYL KETONE, 26, 28 
Nitrosomethylurethan, 26, 13 
2-Nitroso-5-nitrotoluene, 22, 44 
o-Nitrotoluene, 24, 76 
/>-Nitro toluene, 21, 97 
Nitrous acid, 22, 96 
Nonamethylene bromide, 20, 25 
n-Nonyl mercaptan, 21, 38 

OCTADECANEDIOIC ACID, DIETHYL ESTER, 

21, 48 

«-OCTADECYL />-BrOMOBENZENESULFO- 
NATE, 20, 51 

»-Octadecylmercaptan, 21, 38 
W-OCTADECYL ^-TOLUENESULFONATE, 

20, 51 

Octanoylchlororesorcinol, 20, 59 
o-Octanoylphenol, 20, 58 
/>-Octanoylphenol, 20, 58 
Octanoylresorcinol, 20, 58 
»-Octyl mercaptan, 21, 38 
Oxidation, by air, 20, 94 
by air and alkali, 22, 37 
by bromine water, 20, 23 


Oxidation — Continued 
by fuming nitric acid, 23, 3 
by hydrogen peroxide, 20, 70 
by nitric acid, 27, 84 
by potassium chlorate, 23, 6 
by potassium permanganate, 20, 79 
by sodium dichromate and sulfuric 
acid, 26, 81 

conversion of acetyl to carboxyl 
group, 26, 95 

of an aldehyde by selenious acid, 24, 
61 

of an amine to a nitroso compound, 
22, 44, 47 

of />-cymenc, 27, 86 
of a hydrocarbon to a quinone, 24, 1 
of a hydroxylamine to a nitroso com- 
pound, 26, 81 

of iodobenzcnedichloride to iodoxy- 
benzene, 22, 73 

of a methyl group to a carboxyl group, 
22, 45, 47 

of a nitroso compound to a nitro com- 
pound, 22, 45, 47 

of o-nitrotoluene to o-nitrobenzaldi- 
acetate, 24, 75 

of an olefin to an acid, 24, 39 
of o-xylene, 27, 84 
with bromine of a silver salt, 26, 53 
Oxides of nitrogen, 23, 3 
Oximation, 20, 75 
Ozone, 26, 63 
absorption of, 26, 67 
analysis for, 26, 68 
destruction of, 26, 68 
various methods for preparation, 26, 

76 

Ozonization of organic compounds, 26, 
71 

OZONIZER, FOR THE LABORATORY, 26, 63 

of Pyrex glass, 26, 76 

Palladium, on barium carbonate, 26, 

77 

ON BARIUM SULFATE, 26, 77 
ON CARBON, 26, 31, 45, 78 
recovery from spent catalyst, 26, 80 
Palladium catalysts, 26, 77 
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Palladium catalysts — Continued 
by reduction with formaldehyde or 
hydrogen, 26 , 79 

various methods of preparation, 26 , 
32, 46, 81 

Palladium chloride on carbon, 26 , 
78 

Palmitic acid, 20, 69 
Paraffin, 23 , 103 

Paraformaldehyde, 23 , 30; 24 , 30 
Paraldehyde, 24 , 61 

Pelargonic acid, 8-cyano-, methyl 
ESTER, 25 , 69 
(7-Pelargonylphenol, 20, 58 
/>-Pelargonylphenol, 20, 58 
Pentaacetal (/-GLUCONONITRILE, 20 , 
14, 74 

Pentamethylene bromide, 23 , 67 
Pentamethylkne glycol, 26 , 83 
Pentamethylene oxide, 22, 67, 90 
1,5-Pentandiol, 26 , 83 , 85 
Pentane, 1,5-dibromo-, 23 , 67 
2,4-Pentanedione, 20 , 6 

2- Pentenoic acid, 2-cyano-3-ethyl-, 

ETHYL ester, 26 , 46 

3- PeNTENOIC acid, 2-CYANO-3-ETnYL-2- 

METHYL-, ETHYL ESTER, 25 , 44 

4- Penten-I-ol, 26 , 84 
Pentose synthesis, 20, 14 
Peracid, 20, 70; 22, 44 
Perkin reaction, 20, 55 
Peroxide, bis(/>-nitrobenzoyl-), 22 , 

65 

Peroxides, removal from isopropyl ether, 

22, 3 

removal from a-tetralone, 20 , 95 
Perphthalic acid, mono-, 20 , 70 
Petroleum ether, 23 , 102, 104 
Phenacyl chloride, 24 , 25, 26 
Phenethylamine, 23 , 71 
Phenol, 20 , 77; 22 , 6; 24 , 69 
Phenol, 2-amino-4-nitro-, 26 , 5 
Phenol red, 22, 91 
9-Phenoxyacridine, 22, 7 
Phenylacetyl chloride, 26 , 14 
(^/-Phenylalanine, 21 , 99 
a-Phenyl-a-aminobutyric acid, methyla- 
tion of, 26 , 91 


N-Phenylanthranilic acid, 22, 5 
Phenyl azide, 22, 96 
/>-Phenylazobenzoic acid, 26 , 86 
/>-Phenylazobenzoyl chloride, 26 , 87 
Phenylbenzoyldiazomethane, 20, 48 
a-Phenyl-i3-benzoylpropionitrile, 27 , 33 
Phenyl cinnamate, 20 , 77 

1 - Phenyldialin, 24 , 84 
/3-Phenyldithiocarbazic acid, phen- 

ylhydrazine salt, 26 , 38 
<7-Phcnylenediamine, 20, 16 
ck-Phenylethylamine, 23 , 68 
^-Phenylethyl AMINE, 23 , 71 ; 26 , 89 
Phenyli:thylamine, N,N-dimethyl-, 

25 , 89 

/^-Phenylethyldimethylamine, 25 , 89 
(//-Phenylglycine, 22, 23 
a-PHENYLGLYCOLIC ACID, 23 , 48 
Phenylhydrazine, 22 , 96; 26 , 38 

PhENYLHYDRAZINE HYDROCHLORIDE, 22 , 

96 

/3-Phenylhydroxylamine, 26 , 80 

2- PnENYLINDOLE, 22 , 98 
Phenyllithium, 23 , 83 
Phenylmagnesium bromide, 21 , 79; 23 , 

98; 24 , 84, 89; 27 , 30 
reaction with benzophenone, 23 , 99 
reaction with ethyl benzoate, 23 , 98 
Phenylmethylglycidic ester, 24 , 82 , 
87 

1-Phenylnaphthalene, 24 , 84 
PlIENYLPROPARGYL ALDEHYDE, 26 , 92 
PhENYLPROPARGYL ALDEHYDE ACETAL, 

26 , 93 

a-PHENYLPROPIONALDEHYDE, 24 , 87 
2,4-dinitrophenylhydrazone of, 24 , 88 
Phenyl salicylate, 26 , 92 
Phenylthiosemicarbazide, 26 , 38 
N-Phenyl-o-toluimidyl chloride, 26 , 98 
Phosgene, 27 , 45 
solution of, in toluene, 23 , 13 
Phosphoric acid, 24 , 30 
Phosphorus, red, 22, 91 
Phosphorus oxychloride, 20, 11; 22, 5; 
24 , 29; 26 , 63 

Phosphorus pentachloride, 21, 86 
Phosphorus pentasulfide, 26 , 36 
Phosphorus pentoxide, 26 , 61, 69 
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Phosphorus tribromide, 23 , 32, 88 
precautions and dangers in use of, 23 , 
33 

Phosphorus trichloride, 20, 106; 21, 74 
precautions and dangers in use of, 23 , 
33 

Photoflood lamps, 20 , 84, 104 
Phthalaldehydic acid, 23 , 74 
Phthalic acid, 24 , 45 
Phthalic anhydride, 20 , 70; 27 , 78 
Phthalic anhydride, tetraiodo-, 27 , 
78 

Phthalic anhydride, tetraphenyl-, 

23 , 93 

Phthalic monoperacid, 20 , 70 
Phthalide, 22 , 30, 62; 23 , 75 
Phthalimide, potassium, 24 , 46 
Phthaloyl chloride, 20 , 51 
of-Picoline, 20 , 79; 23 , 84 
PiCOLINIC ACID HYDROCHLORIDE, 20 , 79 
a-PiCOLYLLITHIUM, 23 , 84 
Picric acid, 24 , 65 

PiNACOL, ANHYDROUS, 22 , 39, 40 , 41 
Pinacol hydrate, 22, 39 
Pinacolone, 22, 39, 41 
Piperidine, 23 , 61; 26 , 42; 27 , 24 
Polyglyoxal, 24 , 63 
Polylactic acid, 26 , 4, 5 
alcoholysis of, 26 , 4 
Polymerization inhibitors, 26 , 19 
Polyoxymethylene, 23 , 30; 24 , 30 
Poppyseed oil, 22, 78, 85 
Potassium, 23 , 42, 45 
precautions in use of, 24 , 100 
Potassium acetate, 20, 55 
Potassium amide, 20, 91 
Potassium bromide, 20, 81, 101 
Potassium /er/.-BUTOxiDE, 23 , 42 , 45 
Potassium carbonate, 20, 21 
Potassium chlorate, 23 , 6 
Potassium cyanide, 20 , 38, 44; 22 , 35; 
27 , 41 

Potassium dichromate, 22, 45 
Potassium ethoxide, 23 , 42 ; 26 , 42 
Potassium hypochlorite, 23 , 27 
Potassium iodide, 22 , 52, 71; 24 , 97 
Potassium methoxide, 23 , 43 ; 24 , 6, 7, 100 
Potassium permanganate, 20, 79 
Potassium persulfate, 22, 44 


Pressure reaction, 20, 40, 81, 101; 22, 

9, 19; 23, 68, 70, 71, 72, 81, 90 
use of “booster” pump, 23, 68 

1, 3-Prop ANEDioNE, 1,3-diphenyl-, 20, 
32 

1,2-Prop ANEDIONE, 1 -phenyl-, 23 , 1 

2- Propanol, 1-(2-pyridyl)-, 23 , 83 

3- Propanol, 1-(2-pyridyl)-, 23 , 85 
2-Propanone, I-chloro-3-phenyl-, 

26 , 13 

Propiolaldehyde, phenyl-, 25 , 92 
Propionaldehyde, /5-ethoxy-, diethyl 
ACETAL, 25 , 2 

Propionic acid, /3-3-acenaphthenyl- 
CARBONYL-, 20 , 2 

Propionic acid, ^-3-acenaphtholyl-, 

20, 2 

Propionic acid, /3-(chloroformyl)-, 
methyl ester, 26 , 29 
Propionic acid, /3,^'-methyliminobis, 
diethyl ester, 20 , 35 
Propionic anhydride, 21, 14 
Propionitrile, /5-amino-, 27 , 3 
Propionitrile, /3-ethoxy-, 23 , 33 
Propionitrile, /3,i3'-iMiNODi-, 27 , 3 
Propionyl chloride, 24 , 30 
Propiophenone, /3-diethylamino-, 23 , 
31 

Propiophenone, i3-DiMETHYLAMiNO-, 

23 , 30 

«-Propyl-w-butylamine, 25 , 19 
7-W-PROPYLBUTyROLACTONE, 27 , 68 
l-w-Propylpyrrolidine, 25 , 19 
5-«-Propylvalerolactone, 27 , 70 
Protective screen, 22, 97 
PSEUDOIONONE, 23 , 78 
bisulfite compound, 23 , 79 
Pseudothiohydantoin, 27 , 72 
Pseudo thiohy dan toin hydrochloride, 27 , 
72 

Pyocyanine, 26 , 86 

by photochemical oxidation, 26 , 89 
Pyran, dihydro-, 23 , 25 
Pyran, tetrahydro, 23 , 67, 90 
Pyridine, 20 , 50; 21 , 89; 23 , 37, 88; 24 , 

10, 92; 27 , 38 
anhydrous, 22, 56 

Pyridine, 2-bromo-, 26 , 16 
Pyridine, 4-ethyl-, 27 , 38 
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l-(a-PYRIDYL)-2-PROPANOL, 23 , 83 

1- (a-PYRIDYL)-3-PROPANOL, 23 , 85 
Pyrogallol 1-monomethyl ether, 26 , 

90 

oxidation with lead peroxide, 26 , 86 
various methods for preparation, 26 , 

91 

Pyrolysis, 25, 38 
Pyrotartaric acid, 26, 54 
Pyrrole, 2,4-dimethyl-3-acetyl-5- 
CARBETHOXY-, 21, 65 
Pyrrole, 2,4-dimethyl-3-ethyl-, 21, 

67 

Pyrrole, 2,4-diphenyl-, 27 , 33 
Pyrrolidine, 1-butyl-, 25 , 14 

2- Pyrrolidone, 1,5-dimethyl-, 27 , 28 
Pyruvic acid, 24 , 72 

Quinoline, 21, 87 

Quinoline, 6-methoxy-8-nitro, 27 , 48 
Quinones, 22, 37 

Raney nickel catalyst, 21, 15 \ 22, 9, 
12; 23 , 68, 71, 81, 90; 26 , 10; 27 , 13, 
18, 22, 28, 33 

Raney nickel-aluminium alloy, 27 , 68 
Rearrangement, Claisen, 25 , 49 
co,co-dichloroacetophenone to mandelic 
acid, 23 , 49 
retropinacol, 22, 41 
Red lead, 21, 1, 3 

Reduction, by amalgamated zinc and 
hydrochloric acid, benzoin to stil- 
bene, 23, 86 

by hydrogen and Raney nickel, at 
high pressures, 22, 9 
at low pressures, 22, 12 
alkoxynitrobenzenes to alkoxyani- 
lines, 26 , 10 

benzyl cyanide to phenethylamine, 

23 , 71 

dihydropyrane to tetrahydropy- 
rane, 23, 90 

pseudoionone to hexahydropseudo- 
ionol, 23 , 81 

with simultaneous amination by 
ammonia, acetophenone to a- 
phenylethylamine, 23 , 68 
by hydrogen sulhde, 23 , 7 


Reduction — Continued 
by sodium sulfide and ammonium 
chloride, 26 , 5 

by stannous chloride, Stephen reduc- 
tion of /3-naphthonitrile to /3-naph- 
thaldehyde, 23 , 63 
by zinc and alkali, 22, 28 
by zinc and ammonium chloride, 25 , 
80 

by zinc and hydrochloric acid, 20, 
57 

Clemmensen, 20, 57 
electrolytic, 21, 10 

of a double bond by sodium amalgam, 

22, 90 

of a hydroxylamino acid to an amino 
acid by hydroxylamine, 22, 26 
of an imide chlorine to an aldehyde, 
26 , 98 

of a nitro compound by stannous 
chloride, 22 , 32; 26 , 66 
of a nitro compound to an amine, 22, 
9; 25 , 5, 55 

of a nitro compound to an azo com- 
pound, 22, 28 

of a nitro compound to an hydroxyl- 
amine, 26 , 80 

of nitroguanidine with zinc, 26 , 7 
over palladium, 26 , 32, 46 
Rosenmund (Pd-BaS04), 21, 84, 110 
Reductive alkylation, of cyanoacetic 
ester with butyraldehyde, 26 , 32 
of ethanolamine with acetone, 26 , 
38 

Reformatsky reaction, 21 , 51 
Reimer-Tiemann reaction, 22, 63 
Replacement, aldehyde group by hy- 
droxyl, 26 , 90 

amino group - by a bromine atom 
(diazo reaction), 24 , 22 
amino group by hydroxyl group (diazo 
reaction), 23 , 11; 26 , 55 
bromine atom by a cyano group, 21, 
89; 23 , 33 

bromine atom by a hydroxyl group, 

23, 76 

carboxyl group by bromine, 26, 53 
chlorine atom by an amino group, 22, 
6 
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ReplacemcD t — Conti nued 

chlorine atom by a cyano group, 24, 
97; 25, 66 

chlorine atom by a sulfone group, 22, 
31 

diazonium group by thiol group, 27, 
81 

glycosidic bromine atom by hydroxyl 
group, 26, 53 

glycosidic hydroxyl group by a bro- 
mine atom, 22, 2 

hydrogen atom by a cyano group, 22, 
35 

hydroxyl group by an amino group, 

22, 19 

hydroxyl group by a bromine atom, 
with phosphorus tribromide, 23, 
32 

with phosphorus tribromide and 
pyridine, 23, 88 

hydroxyl group by a chlorine atom, 
22, 5; 24, 28 

with thionyl chloride, 26, 84 
hydroxyl group by chlorine or bro- 
mine with acetyl halides, 23, 100, 
102 

nitro group by a methoxyl group, 22, 
35 

sulfonamide group by hydrogen, 24, 
48,49 

Resacetophenone, 21, 103 
Resorcinol, 21, 23, 103; 27, 21 

a-RESORCYLIC AGED, 21, 27 
Ring opening by hydrolysis with bar- 
ium hydroxide, 22, 91 
Rosenmund synthesis, aldehyde, 21, 84, 

no 

nitrile, 21, 89 

Salicylanilides, from various amines, 

26,93 

o-Salicylotoluide, 26, 92 
Salicyl-(?-toluide, 26, 92 
Salol, 26, 92 

Salt bath for heating, composition of, 
21,90 

Sand as diluent to prevent caking, 22, 
98; 26, 63 


Sandmeyer reaction, 24, 22 
Saponification, of an ester, 26, 30 
with sodium cyanide, 26, 54 
of ethyl linoleate, 22, 78 
of ethyl linolenate, 22, 84 
of natural oils, 22, 75, 79, 82 
of />-nitrobcnzyl acetate, 24, 81 
Screen, protective, 22, 97 
Seal, rubber tube, for stirrer shaft, 21, 
40 

Sebacamic acid, methyl ester, 26, 71 
Sebacamide, 26, 95 
Sebacic acid, 26, 95 
Sebaconitrile, 26, 95 ; 27, 18 
Selenious acid, 24, 61, 62 
Selenium, 24, 63 ; 27, 33 
powdered, black, 24, 90 
Selenium compounds, ease of oxidation, 
24, 91 

precautions when working with, 24, 89 
sensitivity to light, 24, 90 
Selenium dioxide, 24, 62 
Selenocresols, 24, 91 
Selenophenol, 24, 89 
Selenophenols from hydrolysis of aryl 
selenocyanate, 24, 91 
Senecioic acid, 23, 27 
Separatory funnel, large, construction 
of, 23 , 105 
dZ-SERINE, 20, 81 
Shaking extractor, 23, 78 
Silver acetate, 20, 15 
Silver carbonate, 26, 54 
Silver salt, drying of a, 26, 53 

of methyl hydrogen adipate, 26, 52 
Skellysolve B, 24, 70 
Skraup reaction, 27, 48 
Snyder column, 20, 68 
Sodamide, see Sodium amide 
Sodium, 20, 7, 74, 88; 21, 42, 60, 68, 99; 
22, 92; 23, 16, 18, 20, 53, 95, 97; 
24, 60, 87; 26, 11 

Sodium acetate, 20, 6, 11, 56, 75; 22, 54; 

24, 79; 27, 10, 36 
Sodium amalgam, 22, 90, 92 
Sodium amide, 20, 40, 87 ; 22, 94; 23, 
20 ; 24, 83; 25, 25 
grinding, 20, 41, 88; 22, 95 
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Sodium amide — Continued 
handling, 20, 41, 88 
residues, destruction of, 20, 90 
Sodium arsenite, 26, 61 
Sodium azide, 24, 94 
Sodium bicarbonate, 20, 26; 23, 78 
Sodium bisulfite, 20, 43; 23, 78, 79; 24, 
2, 62; 27, 20 
Sodium bromide, 24, 23 
Sodium carbonate in preparation of an 
acid chloride, 25, 87 
Sodium chloroacetate, 27, 74 
Sodium cyanide, 20, 44; 22, 13, 23; 23, 
33; 24, 9; 26, 66; 27, 21 
Sodium cyclohexoxide, 25, 30 
Sodium dichromate, 24, 1 
Sodium ethoxide, 20, 7, 9, 33; 22, 26; 

23, 35, 79; 24, 87; 26, 44; 26, 29 
by “inverse” procedure, 23, 18 

Sodium hypochlorite, 22, 73 
Sodium isopropoxide, 26, 29 
SODIUM-Z-MENTHOXIDE, 23, 52 

Sodium methoxide, 20, 14, 74 
by “inverse” procedure, 23 , 18 
Sodium nitrite, 21, 31, 67 ; 22, 96; 23, 11 ; 

24, 22, 27, 56; 27, 81; see also 
Diazotization 

Sodium />-nitroperbenzoate, 23, 66 
Sodium peroxide, 23, 65 
Sodium powder, 20, 5; 23, 96; 25, 86 
Sodium 2-pyridinediazotate, 26, 18 
Sodium sulfate, anhydrous, 22, 57 
Sodium sulfide, 26, 5 
Sodium sulfite, 23, 78; 24, 23, 33 
Sodium thiocyanate, 22, 17 
Sodium zincate, 22, 28 
Sorbic acid, 24, 92 
Spray trap, 23, 1 
Stannic chloride, 26, 33 
Stannous chloride, anhydrous, 23, 64 
Stannous chloride dihydrate, 22, 32; 23, 
63; 26, 55 

Starch-iodide test paper, use in follow- 
ing diazotizations, 24, 23 
Steam distillation, 20, 2 
Stearolic acid, 27, 76 
Stephen reduction, 23, 63 
/raw^-SiiLBENE, 22, 50; 23, 86 


Stilbene dibromide, 22, 50 
Stirrer, air, 26, 96 
brass, 21, 44 
glycerol-sealed, 21, 40 
Hershberg, 20, 8; 22, 23, 74; 23, 33 
“Lightnin” mixers, 21, 97 
Monel-metal, 20, 99 
stainless-steel, 23, 54 
Tru-bore, 25, 67 

Strecker synthesis, 22, 13, 23; 24, 9 
Sublimation in vacuum desiccator, 25, 

57 

Succinic anhydride, 20, 1 
Sulfanilamide, 24, 47, 48, 49, 50 
Sulfonation of o-toluidine, 27, 88 
SULFONE, 22, 31 
Sulfur dioxide, 22, 92 
Sulfuric acid, 22, 48, 49; 23, 11 
as cyclizing agent, 25, 14, 73 
fuming, 21, 27 
Sulfuryl chloride, 22, 17 
Sunflower seed oil, 22, 75, 80 
Superheater for steam, 23, 64 

d-Tartaric acid, 22, 65; 23, 79, 80 
Tartaric acid dinitrate, 22, 65 
Terephthalaldehyde, 20, 92 
Terephthalic acid, 26, 95 
esterification of, 26, 96 
various methods of preparation, 26, 96 

2.3.4. 6- TETRAACETYL-a-d-GLUCOPY- 
ranosyl bromide, 22, J; 26, 53 

1 ,2,3,4-TETRAACETYL-/3-d-GLUCOSE, 22, 
56 

2.3.4.6- TETRAACETYL-)3-d-GLUCOSE, 26, 
S3 

Tetraacetylglucose-6-mononitrate, 22, 

58 

Tetrabromostearic acid, 22, 76 
a,a,a',a'-TETRABROMO-/>-XYLENE, 20, 92 
Tetrachloroe thane, 23, 57 
precautions in use of, 23, 58; 25, 69 
«-Tetradecyl-/>-bromobenzenesul- 
FONATE, 20, 51 

n-TETRADECYL />-TOLUENESULFONATE, 

20, 51 

Tetrahydrofurfuryl alcohol, 23, 25, 88; 
26, 84; 26, 83 
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Tetrahydrofurfuryl bromide, 23, 88 
Tetrahydrofurfuryl chloride, 25, 

84 

/3-(TeTRAHYDROFURYL) -PROPIONIC ACID, 

27, 68 

Tetrahydropyrane, 23, 67, 90 
Tetrahydroquinoline, 26, 40 
Tetraidodophthalic anhydride, 27, 

78 

Tetralin, 20, 94 
a-TETRALONE, 20, 94; 24, 85 
Tetramethylenediamine, methylation 
of, 25, 91 

2,3,4,6-Tetramethyl-</-glucose, 20 , 97 
Tetramethylmethylglucoside, mix- 
ture OF a AND /9, 20, 100 
Tetramethyl-a-methylglucoside, 20, 99 
Tetranitromethane, 21, lOS 
Tetranitromethane as reagent for de- 
tecting double bonds, 21, 107 
Tetraphenylcyclopentadienone, 23, 
92, 93 

Tetraphenyldihydrophthalic anhy- 
dride, 23, 93 

Tetraphenylphthalic anhydride, 23, 

93 

/3-(a-Thenoyl) -propionic acid, 27, 70 
Thiazole, 2,4-DiMETHyL, 25, 35 
4-Thiazolidone, 2-imino-, 27, 71 
Thioacetamide, 25, 36 
Thiocarbamic acid, 26, 35 
w-Thiocresol, 27, 81 
Thionyl chloride, 20, 77; 21, 78; 23, 55; 
24, 21; 25, 19, 58, 71, 84, 87; 26, 
57 

Thiophenols, 24, 91 
Thiourea, 21, 36; 22, 59; 27, 71 
(W-Threonine, 20, 101 
Tin, 20, 19 
Tolan, 22, SO 
o-Tolidine, 21, 32, 34 
o-Tolualdehyde, 26, 97 
various methods of preparation, 26, 
99 

<>-Toluanilide, 26, 97 
Toluene, 20, 66; 22, 53; 23, 12, 52, 65 
Toluene, a-CHLORO-2-HYDROxy-5- 
NITRO-, 20, 59 


w-Toluenesulfonic acid, 6-amino-, 

27, 88 

^-Toluenesulfonic acid, 24, 72; 26, 19 
/>-Toluenesulfonyl chloride, 20, 50 
w-Toluenethiol, 27, 81 
a-ToLUiC ACID, a-AMiNO, d/, 22, 22 
a-TOLUlC ACID, O-CARBOXY, 22, 61 
a-ToLuic acid, 2,4,6-trimethyl-, 25, 65 
o-Toluic acid, 27, 84 
^-Toluic acid, 27, 86 
w-Toluidine, 21, 108; 27, 81 
<7-Toluidine, 23, 43; 26, 92; 27, 88 
/>-Toluidine, 22, 16 
m-ToLuiDiNE, N-benzyl, 21, 108 
^-Toluidine sulfate, 22, 17 
(?-Toluidinesulfonic acid, 27, 88 
m-TOLYLBENZYLAMINE, 21, 108 
o-Tolylbenzylamine, 21, 109 
^-Tolylbenzylamine, 21, 109 
w-Tolyl ethyl xanthate, 27, 82 
o-Tolylmagnesium bromide, 26, 98 
m-ToLYL mercaptan, 27, 81 
/>-Tolylthiourea, 22, 17 
Toxicity, 20, 97; 23, 58; 24, 89 
Transesterification, 26, 19 
polylactic acid and allyl alcohol, 26, 4 
Trap for absorbing gases, 23, 13, 55, 102 
1,3,5-Triacetylbenzene, 27, 91 

1.2.4- Triazole, 3-amino-, 26, 11 

1.3.4- Tri azole, 1 -amino-, 24, 12 
Tribiphenylcarbinol, 23, 95, 97 
5yw.-Tribromoaniline, 24, 51, 52 

3.4.5- Tribromobenzoyl chloride, 23, 66 

3.4.5- Tribromobenzoyl peroxide, 23, 
66 

N-Tricarboxylic ester, 24, 58, 60 

1.2.4- Trichlorobenzene, 26, 92 

2.4.6- Triethylbenzaldehyde, 23, 60 

1.3.5- Triethylbenzene, 23, 60 

2.4.6- Triethylphenylacetonitrile, 25, 67 

2.4.6- TRnSOPROPYLBENZALDEHYDE, 23, 
60 

1.3.5- Triisopropylbenzene, 23, 60 
Trimerization, 27, 93 

2.4.6- Trimethylbenzaldehyde, 21, 

110; 23, 57, 59 

Trimethylene bromide, 20, 2 $; 23, 16; 

24,46 
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Trimethylene chlorobromide, 26 , 40 
Trimethyl thiourea, 21, 84 
Triphenylbromomethane, 22 , 57; 23 , 
102 

Triphenylcarbinol, 23 , 98 , 100 
Triphenylchloromethane, 22 , 56; 23 , 
100 , 102 

Triphenylmethyl bromide, 22 , 57 ; 23 , 
102 

Triphenylmethyl chloride, 22 , 56; 

23 , 100 , 102 

Tritylation of glucose, 22, 56 
Trityl bromide, 22 , 57; 23 , 102 
Trityl chloride, 22 , 56; 23 , 100, 102 
6-TrIT YL-/3-d-GLUCOSE- 1,2,3 ,4-TETR A- 
acetate, 22 , 56 
Two-bulb distilling flask, 20, 20 

Ullmann reaction, 26 , 51 
Ullmann synthesis, 20, 45 
Undecyl isocyanate, 24 , 94 
w-Undecyl mercaptan, 21, 38 
o-Undecylylphenol, 20, 58 
^-Undecylylphenol, 20, 58 
Urea, 23 , 11, 25 

Urea, 1 -methyl- 1 - ( 1 -naphthyl) -2- 
THIO-), 27 , 58 
Urethan, 24 , 60 
Uric acid, 23 , 6 

Vacuum desiccator, “dumb-belP* type, 
23 , 105 

Valeraldehyde, 6-hydroxy, 27 , 43 
Valeric acid, 5-bromo-, methyl ester, 

26 , 52 

Valerylchlororesorcinol, 20, 58 


o-Valerylphenol, 20, 58 
^-Valerylphenol, 20, 58 
d/-V aline, 20, 106 
Vanillin, 22, 90 

7 -Veratrylbutyric acid, 26 , 29, 30 
Vigreux column, 20, 22, 52 
Vinyl acetate, 23 , 9 
Vinylacetic acid, 24 , 96 

Walnut oil, 22, 85 

Water separator, 23 , 38; 26 , 46; 26 , 4 
Wax, bayberry, 20, 67 
myrtle, 20, 68 

Widmer column, 20, 7, 9, 22, 41, 52, 68, 

84 

Wilson rings, 20, 52 
Wire helices, 20, 96 
Wurtz-Fittig reaction, 26 , 11 

Xylene, 23 , 96 
dry, 20, 8, 9 

purified for Rosenmund reduction, 21, 

85 

o-Xylene, 27 , 84 
/>-Xylene, 20, 92 

Yeast, 22, 53 

Zinc, 20 , 57; 22 , 77, 83 
amalgamated, 20 , 57; 23 , 86 
Zinc chloride, 20, 52; 22, 19 
anhydrous, 21 , 103; 22 , 98; 24 , 18 
Zinc cyanide, 23 , 57 
Zinc dust, 21 , 51, 68; 22 , 28; 23 , 86; 26 , 80 
activation of, 26 , 7 
purification of, 21 , 52 









